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1.1 EXECUTIVE SUMMARY

The Automated System of Self-Instruction for Specialized Training (ASSIST) is a computer-based
training system for aircraft inspection. The product of this research and development is the software.
ASSIST is published as two CD-ROMs and is available through the FAA website. This report describes
the devel opment process and the functionality of the software system.

1.2 INTRODUCTION

The Chapter is divided into four major sections. The first section provides the background information on
the development of the Automated System of Self-Instruction for Specialized Training (ASSIST)—a
computer based training tool for aircraft inspection. The section describes how previous years research
efforts guided the development of the ASSIST program. The second section provides a detailed
description of the ASSIST program. The third section introduces the reader to the evaluation effort and
outlines the methodology used to evaluate this system. Sections on performance and usability analysis
describe the results of the evaluation effort. The fourth section outlines the role of training in inspection
and individual differencesin inspection performance. Thisis followed by the methodology used to
conduct the individual differences study and its detailed results. The research was jointly pursued with
two industry partners — Delta Air Lines, Atlanta, GA and Lockheed Martin Aircraft Center, Greenville,
SC to ensure that it was relevant and addressed the needs of the aviation community.

1.3 BACKGROUND

The aircraft and inspection/maintenance system is a complex one with many interrelated human and
machine components.®*? The linchpin of this system, however, is the human. Recognizing this, the



Federa Aviation Administration (FAA), under the auspices of the National Plan for Civil Aviation
Human Factors, has pursued human factors research. In the maintenance area this research had focused on
the aviation maintenance technician (AMT). Since it is difficult to eliminate errors altogether, continuing
emphasis must be placed on developing interventions to make inspection and maintenance more reliable
and/or more error tolerant. Inspection is affected by a variety of entities. These entities include large
international carriers, regional and commuter airlines, repair and maintenance facilities, as well as the
fixed-based operators associated with general aviation. An effective inspection is seen as a necessary
prerequisite to public safety, so both inspection and maintenance procedures are regulated by the U.S.
Federal Government viathe FAA. Investigators conducting this study found that, while adherence to
inspection procedures and protocolsis relatively easy to monitor, tracking the efficacy of these
proceduresis not.

1.3.1 The Aircraft Maintenance Process

The maintenance process begins when a team that includes representatives from the FAA, aircraft
manufacturers, and start-up operators schedule the maintenance for a particular aircraft. Thisinitial
processis caled the Maintenance Review Board (MRB). These schedules may be, and often are, later
modified by individual carriersto suit their own scheduling requirements. These maintenance schedules
are comprised of avariety of checks that must be conducted at various intervals. Such checks or
ingpections include flight line checks, overnight checks, and four different inspections of increasing
thoroughness, the A, B, and C checks and the most thorough and most time-consuming, D check. In each
of these inspections, the inspector checks both the routine and non-routine maintenance of the aircraft. If a
defect is discovered during one of these inspections, the necessary repairs are scheduled. Following these
ingpections, maintenance is scheduled to 1) repair known problems, 2) replace items because the
prescribed amount of air time, number of cycles, or calendar time has elapsed, 3) repair previousy
documented defects (e.g. reports logged by pilot and crew, line inspection, or items deferred from
previous maintenance), and 4) perform the scheduled repairs (those scheduled by MRB).

In the context of an aging fleet, inspection takes an increasingly vita role. Scheduled repairs to an older
fleet account for only 30% of all maintenance compared with the 60-80% in a newer fleet. This difference
can be attributed to the increase in the number of age-related defects.®*? In such an environment the
importance of inspection cannot be overemphasized. It is critical that these visua inspections be
performed effectively, efficiently, and consistently over time. Moreover, 90% of al inspection in aircraft
maintenance is visua in nature and is conducted by inspectors, thus inspector rdiability is fundamenta to
an effective ingpection. Asin any system that is highly dependent on human performance, efforts made to
reduce human errors by identifying human/system mismatches can have an impact on the overall
effectiveness and the efficiency of the system. Given the backdrop of the inspection system, the objective
of this particular study was to use training as an intervention strategy to reduce inspection errors.

1.3.2 Using Human Factors to Improve Aircraft Inspection
Performance

An analysis of the inspector's role in inspection has pointed to a number of issues (e.g. inspector-oriented
issues, environmental design issues, workplace design issues, etc.).5* These issues have been continually
addressed by the FAA.* Research conducted under this program has identified several ergonomic
changes to both the system and to the inspector. System changes have included improved work control
cards and crew resource management interventions.*” Inspector-oriented interventions are 1) selection



and 2) training. The current research concentrates on training and specifically the use of advanced
technology for training as an improvement strategy.

1.3.3 The Need for Computer-based Inspection Training

Aircraft inspection and maintenance are an essentia part of a safe, reliable air transportation system.
Training has been identified as the primary intervention strategy in improving inspection performance. If
training is to be successful, it is clear that we need to provide inspectors with training tools to help
enhance their ingpection sKills.

Existing training for inspectors in the aircraft maintenance environment tends to be mostly on-the-job
(OJT). Nevertheless, this may not be the best method of instruction.***® For example, in OJT feedback
may be infrequent, unmethodical, and/or delayed. Moreover, in certain instances feedback is
economically prohibitive or infeasible due to the nature of the task. Thus, because the benefits of
feedback in training have been well documented,  and for other reasons as well, aternativesto OJT are
sought. Furthermore, training for improving visual inspection skills of aircraft inspectorsis generally
lacking at aircraft repair centers and aircraft maintenance facilities. However, the application of training
knowledge to enhance visual inspection skills has been well documented in the manufacturing industry.
Training has been shown to improve the performance of both novice and experienced.** Visud
ingpection skills can be taught effectively using representative photographic images showing a wide range
of conditions with immediate feedback on the trainee’s decision.” Using realistic photographic images as
atraining aid in controlled practice with feedback has also been shown to be superior to only OJT.*

Thus, off-line training/retraining with feedback has arole to play in aircraft inspection training. One of
the most viable approaches for delivering training given the many constraints and requirements imposed
by the aircraft maintenance environment is computer-based training. Computer-based training offers
severd advantages relative to traditiona training approaches; for example, computer-based training is
more efficient, facilitates standardization, and supports distance learning. With computer technology
becoming cheaper, the future will bring an increased application of advanced technology in training. Over
the past decade, instructional technologists have offered numerous technology based training devices with
the promise of improved efficiency and effectiveness. These training devices are being applied to a
variety of technical training applications. Examples of such technology include computer-based
simulation, interactive videodiscs, and other derivatives of computer based applications. Compact disc
read only memory (CD-ROM) and Digital Video Interactive (DV1) are two other technologies which will
provide us with the "multi-media’ training systems of the future. Many of these training delivery systems
such as computer aided instruction, computer based multi-media training and intelligent tutoring systems
are dready being used today, thus ushering in arevolution in training.

In the domain of visual inspection, the earliest efforts to use computers for off-line ingpection training
were reported by Czgja and Drury.? They used keyboard characters to develop a computer simulation of a
visua inspection task. Similar simulations have also been used by other researchers to study inspection
performance in alaboratory setting. Since these early efforts, Latorella et a. and Gramopadhye, Drury
and Sharit have used low fidelity inspection simulators using computer generated images to develop off-
line inspection training programs for inspection tasks.”*** Similarly, Drury and Chi studied human
performance using a high fidelity computer smulation of a printed circuit board inspection.” Another
domain, which has seen the application of advanced technology, is that of inspection of x-rays for medical
practice. In summary, most of the work in the application of advanced technology to inspection training
has focused on developing low fidelity smulators for running controlled studies in alaboratory
environment. Thus, research efforts need to be extended in order to take full advantage of today’s
computer technology. Moreover, advanced technology has found limited application for inspection



training in the aircraft maintenance environment. Presently, most of the applications of computer
technology to training have been restricted to the defense/aviation industry for complex diagnostic tasks.
The message is clear: we need more examples of the application of advanced technology to training for
inspection tasks that draw upon the principles of training which we aready know will work. In this vein,
this report describes a university and industry collaborative research effort to develop an off-line
computer based inspection-training system for aircraft ingpectors. The specific objective of this research
was to develop an inspection training system that would help improve the visua search and decision
making skills of aircraft inspectors. The computer based inspection training program entitled “ Automated
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System of Self Instruction for Specialized Training” (ASSIST) was devel oped in cooperation with
Lockheed Martin Aircraft Center and Delta Air Lines (Figure 1.1). A brief description of the system
follows.

1.4 DEVELOPMENT OF THE ASSIST PROGRAM - YEAR 1

The development of the ASSIST program followed the classic training program devel opment
methodology (Figure 1.2). It began with athorough analysis of the requirements and needs (goals) of the
training program. The task analysis, aong with the trainee analysis, were used to compare the knowledge
and skills required by the task with those possessed by the inspector to determine gaps which need to be
addressed by the training program. Patrick has identified the training content, training methods and
trainee as the important constituents of the training program.* Drury includes the training delivery system
as another component of the training program.“? Although a considerable amount has been written about
designing training systems'#“* very little focuses directly on enhancement of visua inspection skills.
Embrey states that for any training program to be effective, it should address the following three issues:
attitude of the trainee at work, knowledge required to perform the job, and the specific skills required to



perform the task.* Specific training methods incorporated in devel opment of the ASSIST program are
described below.?*2

1. Pretraining: Pre-training provides the trainee with information concerning the objectives and scope
of the training program. During pre-training, pretests can be used to measure (a) the level at which
trainees are entering the program and (b) cognitive or perceptual abilities that can later be used to
gauge training performance/progress. Advanced organizers or overviews, which are designed to
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Figure 1.2 Model for Training Program Development in Commercial

Aviation

provide the trainee with the basics needed to start the training program, have been found to be useful.
The elaboration theory of instruction proposes that training should be imparted in a top-down manner
wherein ageneral levd is taught first before proceeding to specifics. Overviews can fulfill this
objective by giving the trainee an introduction to the training program and facilitating assimilation of
new material.

2. Feedback: A trainee needs rapid, accurate feedback in order to know whether a defect was classified
correctly or a search pattern was effective. Some attempt of performing the task followed by feedback
with knowledge of results provides a universal method of improving task performance. This applies
to learning facts, concepts, procedures, problem solving, cognitive strategies and motor skills. The
training program should start with immediate feedback, which should be gradualy delayed until the
"operationa level" is reached. Providing regular feedback beyond the training session will help to
keep the inspector calibrated. Gramopadhye, Drury and Prabhu classify feedback as performance and



process feedback. > Performance feedback on inspection typically consists of information on search
times, search errors and decision errors. Process feedback, on the other hand, informs the trainee
about the search process, such as areas missed. Another type of feedback called " cognitive feedback"
has emerged from the area of social judgement theory. Cognitive feedback is the information
provided to the trainee of some measure of the output of his or her cognitive processes. For inspection
tasks, process feedback is the same as cognitive feedback.

3. Active Training: In order to keep the trainee involved and to aid in internalizing the material, an
active approach is preferred. In active training, the trainee makes an active response after each piece
of new materia is presented, e.g., identifying a fault type. Czaja and Drury used an active training
approach and demonstrated its effectiveness for a complex inspection task. %

4. Progressive Parts Training: Salvendy and Seymour successfully applied progressive part training
methodology to training industrial skills.** In the progressive parts methodology, parts of the job are
taught to criterion and then successively larger sequences of parts are taught. For example, if atask
congists of four elements E1, E2, E3 and E4, then the following would follow:

Train E1, E2, E3 and E4 separately to criterion

Train E1 and E2; E3 and E4 to criterion

Train E1, E2 and E3 to criterion and E2, E3 and E4 to criterion
Train the entire task to criterion

This method allows the trainee to understand each element separately as well as the links between the
various elements thus representing a higher level of skill. On the other hand, reviews of literature revea
that part task training is not aways superior. The choice of whether training should be part or whole task
training depends on "cognitive resources’ imposed by task elements and the "level of interaction”
between individual task elements.*® Thus, there could be situations in which one type of task training is
more appropriate than the other. Naylor and Briggs have postulated that for tasks of relatively high
organization or complexity, whole task training should be more efficient than part task training methods.*

1. SchemaTraining: The trainee must be able to generalize the training to new experiences and
stuations. For example, it isimpossible to train the inspector on every site and extent of corrosion in
an airframe so that the inspector is able to detect and classify corrosion wherever it occurs. Thus, the
inspector will need to develop a"schema' which will alow a correct response to be made in novel
situations. The key to the development of schemaisto expose the trainee to controlled variability in
training.

2. Feedforward Training: It is often necessary to cue the trainee as to what should be perceived. When a
novice inspector triesto find defects in an airframe, the indications may not be obvious. The trainee
must know what to look for and where to look. Specific techniques within cueing include match-to-
sample and delayed match-to-sample. Feedforward information can take different forms such as
physical guidance, demonstrations, and verbal guidance. Feedforward should provide the trainee with
clear and unambiguous inf ormation, which can be trandated into improved performance.

1.4.1 Task Analysis

The development of the ASSIST Program followed the classic training program development
methodology. It began with a thorough analysis of the requirements and the needs or goals of the training
program. The next step was to establish the training group and identify the trainers and participants who
would beinvolved. Next, adetailed task analysis of the job was conducted to determine the knowledge,
skills, and abilities necessary for the job in order to specify the behaviora objectives of the training
program. These objectives became the basis for evaluating the training program. The next step was to
define the criteria against which the inspectors would be trained and their performance measured to meet



the quality gods. The abilities of the incoming trainees were compared to the requirements imposed by
the task to determine the gaps and, hence, define the contents of atraining program that would help close
these gaps and meet the defined criteria. At this stage, the appropriate training delivery system, i.e,, the
instructional technique such as Tutoring, OJT or Computer-Aided Instruction had to be chosen. Once the
training system was designed and developed, was evaluated to determine it met the ultimate goals. The
designer choose criteriato be used for evaluation, identified a method and protocol for collecting
evaluation data, and analyzed the data to draw conclusions about the effectiveness of the training
program.

Following this step, a detailed taxonomy of errors was developed from the failure modes of each task in
aircraft inspection (Table 1.1). This taxonomy, based on the failure modes and effects analysis (FMEA)
approach, was devel oped because of the redlization that a pro-active approach to error control is necessary
for the identification of potential errors. Thus, the taxonomy was aimed at the phenotypes of error, that is,
the observed errors.** Using the generic task description of the inspection system, the goal or outcome of
each task was postulated (Table 1.1). These outcomes then formed the basis for identifying the failure
modes of each task, and including the operational error data gained from the observations of inspectors
and from discussions with various aircraft maintenance personnel, collected over a period of two years.
Later the frequency of error was estimated, after which the consequences of the errors on system
performance were deduced. The error taxonomy provided the analysts with a systematic framework to
suggest appropriate content for the ASSIST training program. The ASSIST training program specifically
focused on the search and decision- making components of the inspection task. These have aso been
shown to be determinants of ingpection perfarmance and the two mogt critical tasks in aircraft

inspection.® 621024

Table 1.1 Task and Error Taxonomy for Visual Inspection (e.g. decision component)

TASK ERRORS OUTCOME
DECISION
4.1 Interpret indication. Classify aswrong fault type. All indications located are correctly class
|abeled as fault or no fault, and actions col
4.2 Access comparison standard. Choose wrong comparison standards. each indication.
Comparison standard not available.
Comparison standard not correct.
Comparison incomplete.
Does not use comparison standard.
4.3 Decide onif fault. Type | error, false alarm.

Typel error, missed fault.

Choose wrong action.

Second opinion if not needed.

No second opinion if needed.

Call for buy-back when not required.
Fail to call for required buy-back.

4.4 Decide on action.

Forget decision/action.

45 R is jon. . - .
5 Remember decision/actio Fail to record decision/action.

1.4.2 Structure of ASSIST

The overdl structure of the ASSIST program is divided into three modules: Genera Module, Simulation,
and Instructor’s Module (Figure 1.3). The ASSIST training program is divided into the following



subtasks: decision-making task, the training content of ASSIST that addresses this task, the method by
which the content is presented, the module in which the content is presented, and the error addressed from
task analysis, which is identified from the error taxonomy (Table 1.2).

ABBLIST
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Figure 1.3 Components of the ASSIST Aircraft Inspector Training Program




Table 1.2 ASSIST Program: Showing Errors Addressed for the Decision Task

ASSIST TRAINING PROGRAM

CONTENT OF PROGRAM ERROR ADDRESSED FROM
TASK ASSIST METHOD | MODULE | TASK ANALYSIS
DECISION
4.1 Interpret Present examples of Active and General -+ Classify aswrong fault type
indication defects and identify in Feedback Module,
simulator Simulator
4.2 Access Use simulator to access | Active and General - Choose wrong comparison
comparison | information on defects, | Feedback Module, standards
standard locations, and action Simulator - Comparison standard not
available
Comparison standard not
correct
Comparison incomplete
Does not use comparison
standard
4.3 Decideon if | Usesimulator withreal | Progressive Simulator - Typel error, false darm
it'safault defects and feedback parts, Active, - Typell error, missed fault
and Feedback
4.4 Decide on Complete NR card with | Active and Simulator - Choose wrong action
action Feedback in correct Feedback
way to fill out card
4.5 Remember Enter multiple defects Active and Simulator - Forget decision/action
decision/ and complete NR card Feedback - Fail to record decision/action
action with feedback

System Structure

ASSIST consists of three mgjor modules: (1) the General Inspection Module, (2) the Inspection
Simulation Training Module, and (3) the Instructor’ s Utilities Module. All system users interact through a
user-friendly interface, which capitalizes on graphical user interface technologies and human factors
research on information presentation (e.g., color, formatting, layout, etc.), ease of use, and information
utilization.

System Specification

The ASSIST program needs at least a Pentium 100, with a 166 Pentium or faster suggested. A minimum
hard drive space of 220 MB is required with at least 24 MB of memory, with 64 MB being the suggested
memory. It runs on a Windows 95, or higher, operating system. The program aso requires a SoundBlaster
compatible sound card and 8X CD-ROM. The display requirements are 640 X 480 resolution with ahigh
color (16 hit) palette. The system's input devices are a keyboard and a mouse.

General Module

The objective of the general module, which presents information through text, pictures, audio, and video,
is to provide the inspectors with an overview of the following sub-modules: (1) role of the inspector, (2)
safety, (3) aircraft review, (4) factors affecting inspection, and (5) inspection procedure. The module is




based on presenting information through various media of text, pictures, audio, and video. At the end of
each sub-module is a three-question quiz to reinforce the information learned. Development of the
Genera Module was an iterative process involving regular feedback from industry partners on the content
of each sub-module. Below are detailed descriptions of each sub-module.

Introduction

The Introduction sub-module allows the ingpector to log in to the program (Figure 1.4). If thisisthe first
time the inspector has used A SSIST, the ingpector’ s record is created in the student database and a brief
introduction to the program is shown. This introduction emphasizes the importance of the inspector’s
role in aircraft maintenance and the need for good training. If the inspector has used the ASSIST program
before, the navigation sub-module is displayed.

€ ASSIST  Introduction

nformation;
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Navigation

The Navigation sub-module allows the inspector to move between the sub-modules of the ASSIST
program. It displays the five content sub-modules on the left of the screen and their parts in the center
(Figure 1.5).

gation Map

~ Role of
Inspector

[&pprox Time: 200 min]

; & Lole of Inspector Module
g Safety . " Federal Avigtion Regulotions (F,AR.'s)
Y : " .
[&pprax Time 15 min) | ¥ . o - ¥ Seope of Work Tedk
L | Espection Tools

w
W
"

Airerafi
B Al

[&pprex Time: 15 min)

Factors
Affecting
Inspection

[&ppraox Time: 35 min)

Inspection

Procedure

[&pprex Time: 300 min]

Figure 1.5 ASSIST Navigation Map for Moving within the General Module
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Role of Inspector

The Role of Inspector sub-module covers topics dealing with the role and scope of the inspector’s job
including information on the definitions of an inspector according to the Federal Aviation Regulations
(FAR), the scope of the inspector’ s work, the and inspection tools--flashlight, magnifying glass, scraping
knife, and mirror (Figure 1.6).

&% ASSIST Role of Inzpector 476

Inspection Tools

Common Inspection Tools:
Flashhght
Standard Inspection Wirror

Wagnifiring Glass (103

Steel Scale

. _ ASSIST
? Role of Inspector

Module

4] 1|

E xit

|
|

Map

Figure 1.6 Role of Inspector Sub-module Covering Inspection Tools




Safety

The Safety sub-module covers the two major areas of safety related to the inspector’s generd
environment: safety in the maintenance hangar and safety issues specific to the inspector. Topics include
hearing safety, accessing the aircraft, and foreign object damage (Figure 1.7).

* ASSIST Safety 1/4

Introduction

Types of Safety:

= (eneral Environment

SAFETY

- Inspector Specific

Safety Practices Affect:

Tou

 ASSIST

The Atrworthiness of the Atrcraft | Safﬂty Module

I

Map

4] 1] b

Figure 1.7 Introduction to the Safety Sub-module




Aircraft Review

The inspector goes through areview of various aircraft that are in production and in service today in the
Aircraft Review sub-module. A genera discussion of defects and their potential frequency in the aircraft

isfollowed by areview of the mgjor commercia aircraft from Airbus, Boeing, Lockheed-Martin, and
McDonnell Douglas (Figure 1.8).

. ASSIST Aircraft Heview 3/5

ZLBHEI/VE

. ASSIST
? Aircraft Review

Module

4| 1| ]

Figure 1.8 Aircraft Review Sub-module Covering Boeing Aircraft

E xit

Map




Factors Affecting Inspection

The Factors Affecting Inspection sub-module covers the various factors that can affect the inspector,
including environmental, subject, process, and information factors (Figure 1.9). Detailed information is
presented for each.

ASSIST Factors Affecting Inspection
N = I‘ Py

| " ﬁﬁﬁﬁﬁéﬂ’ﬁnai
Envir -

il

Inspector _ =N

N i

Subject Factors J Process Factors

Rs!:urn Fo Main Menu *

Information

Written Documentation Oral Communications
5 [

»

Figure 1.9 Menu of Factors Affecting Inspection Sub-Module
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Inspection Procedure

The Inspection Procedure sub-module covers information pertaining to the inspection task itself,

including the levels of inspection, the terminology, the appearance of the defect, and the procedures for

inspection (Figure 1.10).

®_ ASSIST Inspection Procedure 8/8

Sample Wallkthrough

Sample Walkthrough:

Sample

Walkthrough

|

(

ASSIST

Inspection
Procedure
Module

aand

Figure 1.10 The Sample Walkthrough Section of Inspection Procedure
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Final Test

After completing al sub-modules, the inspector takes the Final Test at the end of the General Maodule
(Figure 1.11). Thistest contains 20 multiple choice questions covering all the topicsin the Genera
Module. The results are stored in a database, which can be accessed by the instructor for later anaysis.

® ASSIST Inspection Procedure Quiz

HSS’S T Inspection Procedure Quiz

Where does an inspector go to pick up the
work cards for an inspection assignment?

¢ a) The work dock or the inspection supervisor

©° b) They are already on the aircraft :
{ ! /

£ ¢) The quality assurance department : I j

¢ d) FAA headquarters .

Emt Map

Mext Question

Figure 1.11 Sample Question from the Final Test of the General Module

Inspection Simulation Training Module

This module of the training program provides inspection training on asimulated aircraft inspection task:
the Aft-Cargo bin inspection of a Lockheed Martin L-1011. By manipulating the various task complexity
factors—the shape of the viewing area, the spatial distribution of faults, the fault probability, the fault
mix, the fault conspicuity, the product complexity, the and fault standards--the instructor can simulate
different inspection scenarios. The simulation module uses actua photographs of the airframe structure
with computer-generated defects.
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Introduction

The introduction provides the trainee with an overview of the various facets of the program, the work card
for the inspection assignment, and a representation of various faults (Figure 1.12).

L ASSIST Simulator - Introduction 3/3 B

Potential Defects

Defect Name:
Cracks

Locations:
near rivets, joints, any area of
stress

Indicators:

chipped pamt, near holes, hughly
stressed points

EreviEis
[iiefent | Mext Defect |

Figure 1.12 Potential Defects that may Occur in the Simulator
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Testing

The testing module is designed to operate in two separate modes: with and without feedback, with the
non-feedback mode simulating the actual visual inspection task as it would take place on a hangar floor.
In either mode, the inspector first locates the defect and then indicates it by clicking on the faullt.
Subsequently, the inspector classifies the defect by filling out a Non-routine Card. In feedback mode, the
inspectors are provided with feedback on their performance on the search and decision-making
components of the inspection task. The trainee is aso provided with feedback at the end of the
performance. The program also features paced and unpaced modes. The paced mode alows the
ingpection to continue for only a specified period of time, while the unpaced mode alows the inspection
task to be unbounded by time. In the simulator, the inspector can use four inspection tools: scraping knife,
magnifying glass, mirror, and flashlight (Figure 1.13). These tools appropriately change the inspection
image and potentially reveal defects that would not be seen by the unaided eye.

L ASSIST Inspection Simulator

|
Toolbox
il + T | Area Work Card E xit
Starb, Finished Complete Xt
Station 1745,
Stringer 38

Figure 1.13 Using the Flashlight in the ASSIST Inspection Simulator
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The Instructor's Utilities Module

The module is designed as a separate, stand-alone tool that is linked to the other modules of the system. It
gives the instructors access to the results of the final test in the general module and the simulator allowing
them to review the performance of atrainee who has taken several training and/or testing sessions (Figure
1.14). The module is designed as a separate stand-alone tool that is linked to the other modules of the
system. Performance data from the simulator is stored on an individua image basis and summarized over
the entire session so that results can be retrieved at either level. The utility alows the instructor to print or
save the results to afile, thus providing the instructor with a utility where a specific image along with its
associated information can be viewed on the computer screen.

4 Instructor's Module

Figure 1.14 Main Menu of the Instructor’s Module



In addition, this module has a smulation setup utility, allowing instructor to create different inspection
scenarios by manipulating the inspection parameters (Figure 1.15). This utility allows the ingtructor to
change the probability of defects, the defect mix, the complexity of the inspection task, and information
provided in the work card, thereby varying the feedforward information provided. In addition, the
inspector can chose the feedback (Figure 1.16) or non feedback mode and the pacing of the inspection.

" a, Instructor's Module

Simulation Setup HSS"S'T

Bob

~ Student Setup
5555

10: Firzt Mame: Lazt Mame: Inzpector

i

|

S cenano Path and Filename  |D:%amie's Download:A\CUASSISTAD atabazet Simidchdemao. mdb

~WorkCard Setup———— Defect Setup————— [~ Initial Setup
Probability of an Image [ 25
Wﬂ&ﬂggg_ |1D'| 1120 with Zero Defects:l : Start 3 | 1 ¥
] [00-1.0)
- Probability of Lo
WwiorkCard | E | 25
ol .t’-‘-.;ae[a: Aft Carga Bin - Und Defect Image: staty [
[0.0-1.0)
WwiarkCard [L-1011 Probability of Medium ["25
Aircraft Type: Defect Image: Random [7
[00-1.00 Murnber Seed:
wiorkCard |aftbind.rtf Frobability of High [ 25
Text: Defect Image:
| [0.0-1.0)
-Task Set
‘wharkCard IInspectinn af Aft Ca SRl Pacing Time:
Title: " Feedback [~ Paced i I
mir. |
Main . Run
Menu S I Setup

Figure 1.15 Simulator Setup Utility



AS5I5T - Inspection Feedback

O kissed Defect Falzely Detected Area Carrectly Identified Defect
Areas Inspected Inzpection Time: 5. R
. o ey eturn to
ik | 100% Inzpection
Statioh 16E5,
Stritiger 33

Figure 1.16 Feedback Information Given by the ASSIST Program

Inspection Training Session

The training program was designed to use the genera principles listed earlier in the context of this
particular inspection job as derived by the task analysis. A major prerequisite was that it be a progressive
part training scheme to enable the inspectors to build their repertoire of knowledge and skillsin an orderly
manner. A typical training session proceeded as follows:

1. Initial Overview: Initialy, the subjects used the introduction module, wherein they were introduced to
the navigation map and familiarized with the operational aspects of the computer program.

2. General Module Training: In the general module the subjects were provided with information on the
following five topics: the role of the inspector, safety, aircraft review, the factors affecting inspection,
and the inspection procedures. Using the navigation map, the subjects either directly went to a
particular topic or sub-topic or followed the default path through the topics. At the end of each topic,
abrief quiz was administered to review the subject's understanding of the material. The subjects were
provided with feedback and correct answers. On completion of the topics in the genera module, the
subjects took the fina test, consisting of questions selected from a database covering material from
each topic within the genera module.

3. Simulation Module: In the smulation module, subjects were initialy introduced to the workings of
the smulator. Following this step, the subjects were presented with awork card containing the
instructions for the inspection assignment. Next, the subjects were provided with information on
defect standards, including images of the defects, descriptions, likely locations for particular defects,
and possible indicators. Following this step, the subjects conducted the inspection using
representative images of airframe structures wherein they had first search for the defect and later
classify it as one necessitating maintenance action or not. The ssimulator alowed the use of various
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inspection tools: amirror, flashlight, scraping knife, and magnifying glass to assist the subject in
performing the inspection (Figure 1.13). Following the inspection, subjects completed a non-routine
card (Figure 1.17). On completion of the task, subjects were provided with feedback on their overall
performance in regard to the subject's search and decision-making performance, for example, the time
to complete inspection, the defect detection, and the defect classification performance. The simulator
can be operated in various modes (e.g., with or without feedback, paced or unpaced) and it allows the
instructor to set various inspection parameters (e.g., the mix of defects, the defect probability and the
workcard instructions), thereby facilitating the creation of different inspection scenarios.

TigerAlR Discrepancy Card |
Originated by [ten;
IBI Looze Hardware, Station 1665, Stringer 33
Authorized bu;
m Corection;:
Inzpectar:
Seral Mo. OFF:
S arial Mo Or Drate; Job Mumber; Card Mumber:
[ 5ono [ Tees [ oc | coca |

Figure 1.17 Non-routine Card Used to Record an Identified Defect

1.4.3 Conclusions

This section described research in the area of aviation maintenance and inspection pursued at Clemson
University. Through the development and systematic application of human factors techniques, the
research aimed at improving the effectiveness and efficiency of aircraft visual inspection. The results of
the research effort have been made available to the aviation maintenance community as deliverable
products in the form of usable CD-ROMSs (ASSIST software). The use of these products will lead to
improved airworthiness of the U. S. domestic aircraft fleet. Subsequent phase of this research evauated
the utility of ASSIST in an operational setting with aircraft inspectors.

1.5 EVALUATION OF ASSIST - YEAR 2

The development of ASSIST software demonstrates the application and the use of advanced technology
for aircraft ingpection training. Following the development, a detailed eval uation was conducted to
determine the effectiveness of its use as part of Year 2 activities. The objectives of this evauation were
two-fold:

23



1. To evauate the effectiveness of usng computer-based aircraft inspection training, specifically the
ASSIST system, in improving ingpection performance, and
2. To conduct a detailed usability evaluation of the ASSIST software.

Accordingly, the study was divided into two parts, with one focusing on performance evaluation and the
other on usability evaluation. The methodologies supporting the evaluation are detailed below:

1.5.1 Methodology

Subjects

The subjects for this study consisted of 18 inspectors from the team partner’ s facilities who were paid
their full hourly rate by the company for their participation. Those selected had different levels of
inspection-related work experience (six subjects with less than one year of experience, six between one

and 10 years, and six with more than 10 years of experience). The subjects were randomly assigned to one

of the following two groups, the control group or the trained group, so that each had subjects with an
equal distribution of work experience:

Control Group: Subjects assigned to this group did not receive any inspection training.

Trained Group: These subjects received training on both the general aspects of inspection as well as
feedback training on a computer-simulated inspection task using the ASSIST software.

Experimental Design

The study used a mixed between and within subjects design. The training condition, training or no
training, was the between subject factor whereas the pacing condition, paced or unpaced, was the within
subjects factor (Table 1.3).

Equipment for Computer Simulation

The experiment was conducted using Hewlett Packard personal computers with a Windows NT
Workstation 4.0 operating system and an Intel Pentium |1 processor operating at 300 Mhz. The subjects
viewed the stimulus materia at a resolution of 800x600 pixels/inch from 20 inches and responded to the
stimulus material using a two-button mouse.

Stimulus Material

The stimulus materia for the study consisted of the general and simulation modules of the ASSIST
training program. This multimedia computer-based program developed to train aircraft inspectors on
ingpection skills was used to smulate the inspection tasks and to collect performance data.
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Table 1.3 Assist Experiment Protocol

Knowledge Test ASSIST Training Knowledge Test
. Section ;| & : i i i . .
. | Sectionl: : Simulation | Simulation test - - Simulator Test| gection I: | Section II:
Consent | Demographic Multiple . Training | Training . Hangar
form survey Short choice test trial & genera | simulator Snort Multiple floor test
Q & A demo Unpaced | Paced Unpaced | Paced Q & A | choice test
Description 7 questionson | Short answer |30 questions total | Parameter set:|  Parameter set: The ASSIST | Parameter set:| Parameter set: [ Short answer| 30 questions | Demonstration
of Protocol topicssuchas | questionson | (takenfromthe | -No feedback 1st test- General 32 screen 1st test- questions on| total (taken test
Stage age, experience, General ASSIST -Unpaced Module (All scenario- -Unpaced General fromthe
certification, and aircraft software) (Small -No feedback five sub- -Unpaced -No feedback aircraft ASSIST
training inspection introduction to modules) -Feedback inspection software)
the ASSIST 2nd test- 2nd test-
software and | -paced using mean -Paced using mean
the simulated of 1st test of 1st test
inspection -No feedback -No feedback
environment)
9subjects X X X X X X X X X X X X
Trained
9subjects X X X X X X N/A N/A X X X X
Control
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Procedure

At the outset all the subjects completed a consent form (Figure 1.18) and a demographics questionnaire
(Figure 1.19) which solicited information on the subjects’ backgrounds, ages and experience in
inspection. Following this step, al subjects completed a two-section knowledge test with Section 1
consisting of short essay-type questions and Section |1 of multiple choice questions (Figures 1.20 through
1.22). Both sections of the test collected user information on the subjects prior knowledge of aircraft

ingpection.

INFORLIED COMSEWNT STATEMENT FOR AUTCHMATED SELF-PACED SYSTEM FOR,
INSTRUCTICHAL SUPFORT &AND TRAINING (AS51ST)

[NFORIVIATICH

Won have been imvited to parficipate in a research study entitled The ASSIST Fralustion Study  If youm agree to
participate, wou will be one of eighteen sahjects at wour facility who will be participating in the study.  Vour
participation will be on an indbadual basis,

Prior to any actidities, you will be asked to fill out some personal deraographic information. ALL INFORDIATICHN
WILL BESTRICTLY CONFIDENTIAL.

There are two distinct stages to this research. In the first stage, wou will perfonm an on-the-job test and a compmter-
sitrmlated test of aircraft inepection. ¥ou will then recelve taining from a computer-based rultiredia inspection-
training tutorial. In the second stage, you will perfbrrn another on-the-job test and another corapater-sirnulated test of
aireraft mspection.

Youwill akeo he ashed to comp lete a mubtiple-choice testhoth hefore and after training. The scores on your test
will ot he revealed to anyo ne other than yourself (upon request) and the investigators conducting this research

Thiz study is not o measre your indnddual ability as an inspector, but rather to measare the effects of our training
tne thod.

The terminology used throughowt this research study is neant to be general in rature and not specific to Delia
Air Lines. If you have g uestions on the termimnology giren, plexse see the training ad miniirators.

ESTIMATED TIME FOR.3TAGE 1 and TRAINING = 4 HOURS

&t the conclusion of the study wou willbe asked to fill outa gue stionnaire ghving us your opinion of the training.

EsTIMATED TIME FOR 5TAGE 2 =3 HOURS
CONSEMT

I have been given the opportunity to ask questions about this study, anseers to questions (if any) have been
satisfactory

The irdoration in the study records will be kept confidential and will be made aeaildble only to persons conducting
the studsy unless I specifically give perrdssion in writing o do otherwise . Inany results of this stody that are pablished,
[ will nothe identified.

In consideration of all of the ahoeee, [ give may consent to participate in this research stody. T understand fhat I may drop
ont of'this stody at avy point if' I so choose.

Lacknowledge receipt of a coper of this indormed consent staterne nt.
SIGHATURE OF SUBJECT
DATE

SIGHATURE OF WITHESS

SIGNATURE OF INVES TIGATOR
Figure 1.18 Consent Form




Hame

1. e Mlale Femadle
2. &g =20 21-30 31-40 41-50 30+
1. Howlong have you been an aircraft inspector?
=lww. __ 1-10ws 10 yrs +
2. Howlong have you been in the aircraft maintenance industey?

=1 . 1-10 wrs. 10 wrs +

3. What shift are you curr erdly working?
1= ard o
4. Which of the following certificatesficenses do you have? (5 elect more than one if appropriate)
ddarframe certificate Power Plant cettificate
Fepairman certificate FCC license

Inspecton mthorization cettificate

5. Where did you receive the mogority of your techndcal training?
Mlilitary Techrical Schools 2 ot pary training
6. ¥ our primaryjob function as an inspector is:

HMY Letter check

Figure 1.19 Demographic Survey
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1.

2

13.

14.

10.

L,

12,

Enowledge Test Section I Short O & A

Scoring:

Correct Answer —allinformation and texminelogy given is correct and complete [score = 5]
Partially Correct Answer — information is incomplete or partially wrong [score = 3]
Wrong Answer — information given iswrong [score= 1]

What atre two types of inspection”

What are two types of guality andits? Describe them?

What 13 parts control 7

With regard to noise, what 1 masking?

What three things can affect the light available for visual inspection?
What 13 the difference between indirect and direct lighting?

What are four things vou can do as an off shift worlcer to combat fatigue?
Mame two types of search strategies and define them. Which 13 better?
What are seven critical task factors that influence inspection petformance?

List nine forms that written communication in the aircraft inspection industry may come
from™

What are five common errors in written communication?
Why 1z feedback important? What are the two forms of feedback?

What are two things you could do if you go to the area you are to inspect and you can’t see wery well do to
poor ighting?

Wiy iz it sometimes necessary to perform burback inspection?

Figure 1.20 Knowledge Test Section I: Short Q & A
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ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIONS): BEFORE TRAINING

Question 1:

Anawrer A

Answer B:

Anawrer C:
Anawrer D

Question 2:

Anmwer A
Anawer B
Anmwer C:
Answrer [

Question 3:

Anawrer A
Anmwer B
Anawrer O
Answer D

Question 4:

Answer b

Anawer B:
Anawrer O
Anmwrer [

Question 5:

Anawrer A
Answer B
Anawrer O
Anawer D

Question 6:

Anower A
Answer B:
Anawer C:
Anawer D

haintenanice on an item has been completed, the area has been closed and maintenance has signed off on i
&g abuyback inspector you should:

sigte off o the itepection.

ask the mechanic to open up the area and inspect it and then sign off on it (hased «
inspection)

ask atiother buy-back inspector in the field to sigre off on it

211 of the ahaove

The common inspection tools include all of the following except:

flaghlight.

ateel seale.
magnifying glass.
sorewrdiiver.

When performing an OK to close inspection always rettem bet to:

Take one last look for defects.
Sign the work card

Mlake mare all tools have been picked up.
211 of the ahowve.

Which of the following tasks relate to the scope of the inspector’s job:

Prowiding explanation if the mechanic performs an incorrect installation or repair.
Inspecting the aircraft and not petforming the mechanic'swork

A eting aty questions abowt the Mo Routine card

211 of the showve,

¥ our actions while inspecting an aircraft can affect which of the following:

¥ o

Yoo fellow employees

The airw otthiness of the aircraft
All of the ahowe

When attempting to inspect inside a poorly ighted bag b

Do not be concerned, there isprobably enough light to see your way.
Eleep all the doors open so light from the hangar can enter.
Bringmore fixed ighting equipsm ettt insi de the bag bin,

Tust use ywour flashlight to see.

Figure 1.21 Knowledge Test Section Il : Multiple Choice Test (Continued)
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Question 7: Being wery familiar with em ergency equipment in your area will:

Angwer A help you quickly resolve an emergency situation
Answer B: let vou escape a dangerous atea.

Answer O provide a safe place during emergencies.
Anmrer D &1l of the above

Question B: What iz the biggest danger of foreign object damage (FODY?

Angwer A Datiger to the hangat.
Answer B: Loss of a tool.

Angwer O Dam age to the aitcraft.
Angwrer [ Mone of the above.

Question 9: Which is a long-range 4 engine aircraft?

Answer & F37
Anmrret B 747
Answer O FETA6T
Angarer D FiT

Question 10: Which aircraft would be least likelyto have alarge mumber of defects based on years in service?

Angaer A MD-20

Answer B: L-1011

Anmarer O 747

Angwer D A300

Question 11: isthe abilityto see detadl at various distances from the object of regard.
Angaer A Color wision

Answer B Visual acuity

Answer C Peripheral vision

Angaer D C onspr cuity

Question 12: Factond) that m ake up an inspector’ s physical environment is(are):

Angaer A Amout of lighting

Answer B Wotk design

Answer O Ambient temperature and hmadity level
Angaer D Both & and C

Question 13:  Experience can be categorized based on
Angaer A Humber of yvears of work

Answer B Variety of work conducted

Angwer O Both & and B

Angwer D Hone of the above

Figure 1.21 Knowledge Test Section Il : Multiple Choice Test (Continued)




Question 14

Angwer &,
Answer B
Anawer C
Angwer [

Question 15

Angwer &
Answer B,
Anawer .
Anawer D

Question 16:

Angwer A

Answer B
Angwer O
Angwer T

Question 17:

Anewer A
Anevwrer B
Anawrer O
Anawer D

Question 18:

Anawrer A
Anevrer B
Anevwrer O
Anawer D

Question 19:

Answer A
Anawer B
Apewrer O
Answer T

Given a fixed time period, strategiesto maintain accwracy when time islimited are:

Addmore inspectors

Incorporate a systematic search strategy
Both & and B

Mone of the above

In order for an inspector to propetly perform an inspection, the inspector:

Iust have the correct equipment and tools available.

Must have accessto the required documentation and manuals,
hiust be trained on the proper use of the equipment and tools,
Al of the abowe

Process factorsrefer to:

Elements of the inspection process that may either help or hinder an inspector from deing
hizfher job.

Orgamizational requitements by an inspector's employer.

Factors regarding the communication of inform ation

Factors that m ake up an inspector' s physical envirorment.

Where 15 the Aircraft Logbook kept?

At the service facility that would use it the most
Each service facility has a copy

With the aitcraft both ine flight and during setvice
A1FAA Headoguatters

Where does an inspector go to pick up the work cards for an inspection assigrm ent?

The wotk dock of the inspection supet sot
They are already onthe aircraft

The cuality assurance departm et

F A4 Headguatters

Witdch type of inspection would be beat suited for wiewing the inside of ah engine during an engine check?

W isual
Eorescope
X-Ray
Coin T ap

Figure 1.21 Knowledge Test Section Il : Multiple Choice Test (Continued)
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Question 2A0: & check to see whether aunit or system performs within specified limits is called what?

Answer A Final Inspection

Answet B Functional Check

Answer O Ilissed [tem

Answer I Reguited Inspection Item (RIT)

Question 21: In addition to being familiar with all inspection methods, teckniques, and equipm et in their
specialty, aitcraft inspectors must:

Answer A maintan proficiency in using van ous inspection aids intended for that purpose.

Answer B: have avalable and understand current specificati ons involving inspection tolerances,
limitations, and procedures established by the manufacturer of the product being
inspected and with other information such as FAR s,

Answer Cin cases where mechanical inspection dewvices are to be used, be skalled in operating

that equipment and be able to properly interpret indicati ons.
Angrer [ A1 of the above.

Question 22:  Bagr-back inspection stepzinclude all of the following except:

Anigarer & Signing off on a workcard if satisfied
Angrrer B Helping the mecharde complete He o her work,
Answer C A mechanic requesting an inspection,

Answer I Inspecting the work done by the mechanic.

Question 23: Wihen it doubt abowt & procedure for safety reasons, you should:

Ariaarer & e your own judgement.

Angarer B Conaat the compaty safety tharngal.
Anawer O Consult Airworthiness Directives.
Anarrer I Consalt othet inspectors in the area

Question 24: For effective hearing protection, ywou showld:

Atiaarer A Etow the blast and suction zones around a particud ar adreraft
Anigwrer B: Wear earplugs or "earmuffs."

Anaarer O Work frequertly neat the use of a preumatic rvet gon
Anaarer D All of the ahove

Question 25: Wildch Adrbs afteraft iz an dtra-long range 4 engine model?

Anarer A A300
Anarer B AS20
Anaarer O A330
Anayer [ A340

Figure 1.21 Knowledge Test Section Il : Multiple Choice Test (Continued)



Question 26: Wiritten comumoand cation in the aircraft inspection industty moay come inthe form of:

Anaarer A Wotkcards, non-toutine cards and bulletins,

Angwer B Mlarvafacturer’ s manuals, OBHA guidelines, and adwisory circulars,

Atigaret C. FAR™s AD s, and compatyy procedhzes,

Angwer D &1 of the above

Question 27 may lead to lowering of quality and perform ance, 1oss of time and m oney, and frostration.
AnFrer A Work desigh

answer B Improper commutication

Angaer O Teamwark

Angwer D Lighting

Question 28:  Because of the depth of knowledge and skillsrequired for aviation inspection and maintenance
tasks, aheavy emphasis tiust be placed upon

Ansarer A Job design
Angwet B Wiork design
Angaet C Workplace design
Atigarer I Training

Question 29: Wikdch of the following isNOT considered to be a type of Mo Destractive Inspection (MDT)7?

Atigarer A Eddy Curtent
Angwer B: Drye-Penetrant
Atigaret O Wizual Inspection
Angwrer Coin Tap

Question 30:  Which of these documentswould you expect to have information abowt a widely known problem
oty aty airer aft?

Atigarer A HSignificant Stractural lem (330
Angwet B Federal Aviation Regidations (FAR)
Ansarer C Inspection work dock

Atigarer I Dizetepatiey Report

Figure 1.21 Knowledge Test Section Il : Multiple Choice Test



ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIONS): AFTER TRAINING

Question 1: Mantenance on at item has been completed, the area hasbeen closed, and maintenance has
signed off onit. Asabuyback inspector you shoudd:

Angarer & sign-off on the inspection.

Answer B ask the mechanic to open up the area and inspect it and then sign off on it (based
on inspecton)

Angarer O agk atother buyeback inspector in the field to sign-off onit.

Anzwer D &1 of the abowe

Question 2: The common inspection tools include all of the following except:

Angarer & flaghlight.

Anzarer B steel scale.

Angarer O magnifying Fags.

Angwer D sorewr driver.

Question 3: When performing an OF to cloge inspection, always remember to;

Anmwer & Take one last look for defects.

Answer B Sign the work card.

Angarer O Make sire all tools have been picked up.

Angwer D All of the above.

Question 4: Which of the following tasks relate to the scope of the inspector’ s ot

Answer A Provriding explanati on if the mechanic performs an incorrect install ation or repair.

Answer B Inspecting the aircraft and not performing the mechanic's work,

Angurer O Angwering argy questions abowt the Non-Fowutine card.

Anmwer D &1 of the above.

Question 5: ¥our actions while inspecting an aircraft can affect which of the foll owing:

Anmwer & Tou

Anzwrer B Tout fellow employees

Angarer O The aitworthiness of the aircraft

Anzwer D A1 of the abowe

Question 6: When attempting to inspect inside a pootly lighted bag bir

Anmwer A Do not be cotcertied, there is probably enough light to see o way.

Answer B Eleep all the doors open so light from the hangar can enter.

Angarer O Bring more fixed lighting equpment inside the bag bhin

Angwer D Tust uze your flashlight to see.

Figure 1.22 Knowledge Test Section Il : Multiple Choice Test (Continued)




Question 7:

Anarer A
Anarer B
Anarer O
Angwer D

Question 8:

Angwrer &
Anawer B
Anayer
Angwer D

Question 9:

Anarer A
Anawer B
Anarer C:
Angwer D

Question 10:

Angwrer &
Anawer B
Anaer C
Angwer D

Question 11:

Angwrer B
Anawer B
Anarer C.
Angwer D

Question 12:

Angwrer B
Anawer B
Anayer
Angwer D

Question 13:

Angwrer &
Anarer B
Anawer C.
Angwer D

Beitng very familiar with emergency equipmernt in yow area will:

help you quickly resolve an emergency situation.
let ywou escape a dangerous area

provide a safe place during emergencies.

&11 of the above

What iz the biggest danger of foreign object damage (FOD?

Danger to the hangar
Lossof atool.
Datmage to the aitcraft.
MNone of the abore.

Whichiz along-range 4 engine aircraft?

737
747
TATAET
T

Which aitcraft would be least likely to have alarge rounber of defects based on yeats in service?

”D-20
L-1011
47
A300

iz the ability to see detail at various distance s from the object of regard.

Color wisan
Visual acuity
Peripheral wision
Conspiruity

Factor(d) that make up an inspector’s phoysical efvir ot ent 15 (ate):

A oount of lighting,

Wtk design

A bdent tem peratur e and nmd dity Lesel.
Both & and C

Experience can be categorized baged on

Mumber of years of work
WVatiety of wotk conducted
Both & and B

Mone of the above

Figure 1.22 Knowledge Test Section Il : Multiple Choice Test (Continued)




Question 14: Given afived tim e period, strategles to moantain accuracy whentime is limited are:

Angarer & Add more inspectors

Angwer B Incorporate a systematic search strategy
Angrer O Both A and B

Anzarer I Mone of the above

Question 15: I order for an inspector to propetly perform an inspection, the inspector:

Angwrer & Must hawe the correct equipment and tools avalable,

Anzwer B Dlust havwe access to the requited documentati on and moamals,
Angwer C Must be traned onthe proper use of the equipm ent and tools,
Anmaer I &l11 of the abowe

Question 16: Frocess factors refer to:

LAnewer & FElements of the inspection process that may either help or hinder an inspector from
deing histher job.

AnswerB. Ot zanizational recuirem erts by an inspector' s employer.
Angarer O Factorsregarding the commundcation of information.
Angwer D Farctors that make up an inspector's physical envirormn end.

Question 17: Whete is the Adrcraft Loghook kept?

Angwrer & At the service facilify that would use it the most
Answer B Each service facility has a copy

Angaer O With the atrcraft both in-flight and during service
Anger [ At FASA Headoguatters

Question 18: Where does aninspector goto pick wp the work cards for an inspection as s gument?

Angarer & The work dock or the inspection superviso
Answer B They ate already on the aircraft

Anigarer O The quality asswance department

Angwer D FA2 Headguarters

Question 19: Whichtype of inspectionwoild be best suited for Wiewing the inside of an engine during an

engite check?
Angarer A Visual
Angwer B B orescope
Angwer O X-tay
Angrer [ Coinn Tap

Figure Figure 1.22 Knowledge Test Section Il : Multiple Choice Test (Continued)




Question 20:

Angwrer &
Anawer B
Anarrer
Angwer D

Question 21:

Anaarer A
Answer B

Anarrer
Angwer D

Question 22:

Angwrer &
Anawer B
Anarrer
Angwer D

Question 23:

Angwrer &
Anawer B
Anarrer
Angwer D

Angwrer &
Anawer B
Anarrer
Angwer D

Question 25:

Angwrer &
Anarer B
Anarrer
Angwer D

Figure 1.22 Knowledge Test Section Il : Multiple Choice Test (Continued)

Question 24:

& check to see whether a unit or system petforms within specified limits is called what?

Final Inspection

Functional Check

Migsed Item

Reguited Inspection Item (RID

Initial inspection

iz petformed in order to find any damage after normal uge of the aircraft.
includes receipt of a work card, locating the designated area on the aircraft,
searching for defects, showing the defects to mechanics.

Both & and B.
Mone of the above

Daring an engine r, you should be most concerned about:

Fersonnel and equipment near the aircraft.
Taxiing the aircraft to the test area.
Running the engines at te st speeds.

None of the above

When attempting to access an arcraft for inspection, remember to:

Mot worty abowt how old or unstable aladder looks, just use it
Find a stable platform to climb and enter the aircraft.

Diive the mobile lifts as close as possible to the aircraft.

Mone of these.

Which aircraft are tri-jets?

L-1011
MD-11
77

& and B

The two types of lighting are:

Strobozcopic and black,
Black and white.

Direct and indirect.
Direct and stroboscopic,
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Question 26: Which statetment(s) 18 are) true abod moasking,

Angwer & Masking can result in hearing loss,

Answer B, Masking 1z a condition i which one component of the sound enwvironment
reduces sensitivity of the ear to another component.

Answer C. An example of masking 1z the sound of a nvet gun going off which drowns the
sound of the back up alarm on a truck or cherry picker.

Angrer D BothE and C

Question 27: Teamsinthe aitcraft inspection and maintenance ervrironment:
Angwrer A Shate comm ot goals,

Angrer B Require cooperation and commu cation

Angarer C Have more pride in their work.

Angrer D &1 of the above

Question 28: O average, how often does a plane come in for alayowver check?
Angrer A Evwery 4 yeats

Angwer B Ewery 12-13 months

Angarer O Ewery 3 months

Angwer D Ewery 3-5 days

Question 29: With vatiation by fleet, on average, how often does a plane come in for a service check?
Angwrer & Ewvery 4 years

Angrer B About 12-13 months

Angarer O Ahout evety moonth

Angrer D Evwery night

Question 30:  What document isused to record defects found diring inspection in the hangar?

Angrer & & work card

Angwer B & discrepancy repott (non-routine card)
Angwer O & significard structural item (330
Angwer D The aircraft loghook

Figure 1.22 Knowledge Test Section Il : Multiple Choice Test



Following this step, subjects in the both the Control and Training Groups were provided with an
orientation on the ASSIST software. Upon completion of the orientation, only the subjects in the training
group received inspection training through the general and simulation training modules of the ASSIST
software. The general training module consisting of various sub-modules focused on the following topics:
Role of Inspector, Safety, Aircraft Review, Factors Affecting Inspection and Inspection Procedure (Figure
1.23). After completion of each sub-module, the subjects knowledge of the material was tested through a
short Q and A session with subjects being provided with immediate feedback on their performance and
correct answers being supplied to incorrect responses (Figure 1.24).

UASSIST  Factors Alfecties Inapecbion

Introdiaction

ASSIST

' ‘ﬂ Factors Affecting

! || Inspection
| Module
.

ca| o] 1] 11| D)

Ca

Figure 1. 23 Screen Shot from Factors Affecting Inspection in ASSIST



m

Use of prescniptive eyeglasses may be used

to correct for:

“ a) Poor peripheral acuity.

™ b) Lack of color vision.

¢} Lack of 20020 vision. 1
|
™ d) None of the above -
IEI mp| Hmnmﬁml

Figure 1.24 Sample Question from a Final Test

In the smulation training portion, subjects were provided inspection training on the computer-simul ated
aircraft ingpection task (Figures 1.25 through 1.31). Subjects were tasked with completing the inspection
of the Aft-Cargo bin of an L-1011. Initially, subjects were provided with awork card -- work instructions
identifying the ingpection task to be completed (Figure 1.32). Following this step the subjects were
presented with a series of photographic images that constituted a portion of the Aft-Cargo bin of an L-
1011 aircraft (Figure 1.33). Each photographic image displayed on the computer screen consisted of a
single search area. Subjects could navigate from one area to the next by using the “navigational —aid”
provided in the software. As each area was displayed, subjects visually searched the area for defects and
reported their identification by clicking the mouse on them. Subjects could use four separate tools— a
mirror, flashlight, magnifying glass and paint scraper--to aid them in their search. Upon identification of
the defects, subjects completed a non-routine card similar to the one they would complete during the
actua inspection in the hangar (Figure 1.34). In the training mode, subjects were provided with
immediate feedback on their performance following the inspection of each search area, including
feedback on missed defects, false alarms (areas incorrectly identified as having defects), the time to
complete inspection and the correctly completed non-routine card (Figure 1.35).



b ASSIST Simulator - Introduction 373

Potential Defects

Defect Name:
Cracks

Locations:

near rivets, joints, any area of
stress

Indicators:
chipped pamnt, near holes, highly
stressed points

Er:f\;igtus | Mext Defect |
Figure 1.25 The Crack Defect Simulated in ASSIST

Potential Defects

Defect Name:

Corrosion

Locations:

near loor, jomts, anywhere
motsture collects

Indicators:

fine grey powder,
bubblingtulging, pamt chipping,
datle streaks around rivets

Previous 217
Defect |
Figure 1.26 The Corrosion Defect Simulated in ASSIST




b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Damaged rivets

Locations:
any nivets m structure

Indicators:

datk hole appears where
hardwate should be

Frevious
[iefect

st ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Damaged conduts

Locations:

any condutt under Hoors orm
walls

Indicators:

condutt rmisshapen or bent

Frewvious
Defect

Figure 1.28 The Damaged Conduit Defect Simulated in ASSIST

42



L ASSIST Simulator - Introduction 343 E3

Potential Defects

Defect Name:

Delatninated Terrastrap

Locations:
aty terrastrap

Indicators:

metal terrastrap appears to pull
away from aircraft body

Frevious
Liefect

Potential Defects

Defect Name:
Dent

Locations:
any metalic surface

Indicators:
darl scratch or dent

Previous
Defect | i . |
Figure 1.30 The Dent Defect Simulated in ASSIST
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Potential Defects

Defect Name:;

Laoose Hardware

Locations:

brackets, screws, and any other
hardware

Indicators:

space between hardware and
sutface

‘st ASSIST Simulator - Introduction 243

woCenter | TigerAir Task Card | Cag/inber

5/3/00 Ajrcraft: L1011 Fev B 03-18-98

Title: Under Floor Aft Cargo Bin Work, Area; Aft Cargo Bin - C3

Mec: [ Inspe |1, Zone 164, Petform a detailed visual WO rk Ca rd

inspection of aft cargo compattment,
atea C3 under floor including all
cotmponents and systems.

&, Pay particular attention to the fuselage
fail-safe straps for any evidence of
delamination, corrosion, ifting or
blistering of straps, or splitting of seal.

B. Payparticular attention to aney signs of
corrosion, such as blisteting paint.

C. Inspect for any evidence of damage
such as bent or broken components,
sheared or missing fasteners, or cracks
at stress points.

Figure 1.32 Work Card Used to for the Simulation in




“sL ASSIST Inspection Simulator

+.
‘- Port +
Al * Fore
Starb.

Station 1725,
Stritiger 35

Area
Finished

-

”

S

Toolbox

Work Card
Complete

E xit

+
Mo
vl rated

Shora

Slalnn 1740,
Sirrgen 17

Arca
Finizhed

-

- \b
Timilimx
‘Work Card ]
Complele ——

Figure 1.34 Non-routine card used to Write-up Defects Found in the

Simulator
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Figure 1.35 Feedback Provided in the Simulation Module




After completing the training, subjectsin the training group and those in the control group performed the
criterion ingpection tasks: a visual inspection of 32 distinct search areas congtituting one distinct and
logical portion of the Aft-Cargo bin of an L-1011 wherein subjects searched for seven different types of
defects. The probability, location and defect mix were al pre-specified using the parameter file. Initialy,
subjects performed the inspection task in the unpaced mode and then in the paced-mode so that the results
of the unpaced trial could be used to determine the actua pacing conditions for the paced per-lot trial
(Figures 1.36 through 1.37). In the paced mode subjects had atime limit for completion of the entire
inspection task. Subjects were paced based on their individual unpaced times. To gauge their knowledge
of inspection following training, subjects in both the groups completed the same Sections | and 11 of the
knowledge test. Then, to test whether computer-based training transferred to performance on the job, all
subjects completed a hangar floor test (Figure 1.38) wherein they were tasked to conduct a detailed
ingpection of the cargo compartment door (Figures 1.39 and 1.40). After completing thisfinal test, the
subjects were debriefed and thanked for their participation.

" a Instructor's Module
Simulation Setup ASSIST
~ Student Setup
ID:I-I 2k First Name:I‘JDhn Lazt Name: IS'TIith
Scenanio Path and Filename |0 WJamie's DownloadzWCUASSISTAD atabazerSimhAcgobin. mdb -
~WorkCard Setup————— Defect 5etup—— ~Initial Setup ——————— ;
Probability of an Image 5
WE‘EI_EE::, |-I 01120 with Zera Defects:l' Stat i |9 §
' [00-1.0) 2 I U
- Frobability of Low
whorkCard | i |.1 =
ol At Cargo Bin - Und Diefect Image: ety [ o
[0.0-1.00
“workCard {11011 Probability of Medium [15
Aircraft Type: Defect Image: Random [7
[00-1.0 Murmber Seed:
‘wiorkCard Iaftcbin.rtf Frobability of High [77
Teut: Cefect Image: |
| [0.0-1.00
- Task Set
‘wiarkCard Ilnspection aof Aft Ca sl Pacing Time:
Title: ™ Feedback [ Paced Tt I
M ain . Run
Menu ot l Setup

Figure 1.36 Simulator Setup Utility Shown for Unpaced Scenario
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" & Instructor's Module
Simulation Setup ASSIST
 Student Setup - |
ID:I1 i First Mame:l‘J ahin Lazt Marme: |Smith ‘
Ccenano Path and Filename  |D:%Wamie's Download:A\CUAS SIS T D atabaze'Simtadcgobin mdb
~WorkCard Setup——— [ Defect Setup | [ Initial S5etup -
Probability of an Image |5
Wﬂbﬂesg_ |1|:|1 1120 with Zero Defects:l' Shart b I a
i [0.0-7.00 :
- Probability of Law
WwiorkCard | ; |.'| 5
g At Cargo Bin - Und Defect Image: et 1 o
[00-1.0
WwiorkCard L1011 Probability of Medium [ 15
Aircraft Tupe: Defect Image: Random |7
[0.0-1.0 Murmber Seed:
WforkCard Iaflcbin.rtf Probabilty of High [77
Tent: Defect Image: |
| [0.0-1.0)
~Task Set
Wnrktgrd Inspection of Aft Ca eehaEally Pl
Title: ! Egle:
[ Feedback v Paced (iR I
Main . Run
Menu Eai l Setup

Figure 1.37 Simulator Setup Utility Shown for Paced Scenario

Hangar Floor Test

Scoring:

Correct Answer —all stepsare correct and in the correct order [score= 5]
Partially Correct Answer — some steps are omitted or out of order; otherwise are correct [score = 3]
Wrong Answer — some information provided isincorrect [score = 1]

1. What are the major steps in initial inspection from begimming to end?
2, Task: Ask the inspector to follow the procedures from time of assigrment by foreman,
Task: Seatch for defects on the door and have inspector fill out non-routine work cards.
¢ Didyoufolow apattern when Wsually inspecting? Describe the pattern
*  (for defectslocated) (For defectslocated) Did woulook in certain areas for certain defects, if so why?

3. Presertsimproperly worded non-routines card and have the inspector find the errors. [SEE MON-ROUTINE
CARD]

4. What steps do you take after you findsh the inspection of an area?

5. What are three steps in buy-back inspection?

Figure 1.38 Hangar Floor Test



1] 11

Y. QA TE DPMUND,
B-167 FRODUCTION COLNT 10-09-08 57116
TRETRT | EOE VAN
OMIOFE TOTALS DETAILED INSPECTION OF CARGO COMPARTMENT DOORS I T
1. TInspect FWL. Cargo Dioor.
2. Inspect AFT. Cargo Door.
3. Inspect Bulk Carpo Door.
[zl g P PGOE M= Ve HTTn FELR ELEC
H ) WO, EST BIC | GAND MG,
| | Taa | Sme 15 | ool vl
11 11 1] 1 1
QPR ND.

Ev.CATE
B-767 OR DEFCRFTION 10-08-98 57116
wo | weeseveo |  DETAILED INSPECTION OF CARGQ COMPARTMENT DOORS SrerCT
' 1 1. Inspect FWD. Cargn Door.
£ Z. Inspect AFT, Cargo Doar.
3 3. Inspect Bulk Cargo Door.

PAH AECe H— Y  HYD [ X T BLEG
oo _ 242-01 57116 | 52-00-00 13 1 74
IT T T I1 T [T I
B-T6T QBM. X0, 57116 EEYTWORD: EEEEI'_ OFN, IDx 100123541

1. Inspect FWD. Cargo Docr as foliows:
A,  Inapecl Door Btops and visible adpcant cut-aut structure within sircraft contour,

(1} Pay particular atantion to Doaor Sillz and Frama Chonds. {(Ref, MPD 5302-100-07F)
(Fef. Figure 2)

2. Inspect AFT. Camo Door as follows:
A, Inspeci Door Stops and visible adjecant cut-out structure within eircraft contaur.

(1) Pay paricular attantion 1o Door Sills and Frama Chonds, (Ref. MPD 5302-700-07E)
(Ref, Figure 1)

3. Inspect Bulk Cargo Door as follows:
A, Inspect Door Stops and vislole adjecant cut-out siructure within alrcratt contour.

(1} Pay particular atterfion to Boor Sills and Frame Cherds (Ref. MPD £302-100-07E)
iRef. Figre 3]

Figure 1.39 Hangar Floor Test: Workcard
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AFT GARGO DODR GUTOUT (TYPICAL 2 PLACES)

Figure 1.40 Hangar Floor Test : Workcard



Data Collection
Data was collected on the following measures:

Knowledge Tests (Sections | and 11): number of correct responses.

Criterion Inspection task: Inspection time, misses, false dlarms, percentage of defects correctly
detected, non-routine card entries.

Hangar Floor Test: performance test focused on inspection conducted in the hangar floor.

1.5.2 Usability and Performance Analyses

Usability Analysis

To test whether the ASSIST software met usability goals, inspectors, supervisors, and training personnel
at arcraft maintenance facilities evaluated the software on specific usability dimensions, e.g., content,
presentation, usefulness and format. Separate usability questionnaires were administered for the general
and the smulation modules (Figures 1.41 and 1.42). The responses were recorded using a seven-point
Likert scale, with one being very strongly agree and seven being very strongly disagree. The mean scores
and standard deviations for each group were recorded (Table 1.4).

5l



ASSIST: GENERAL INSPECTION MODULE - USABILITY QUESTIONNARIE

Content

1. The amount of inform ati on presented was adequate.

1 2 3 4 5 6

7

Very Strongly Heutral
Dhizagres

Very Strongly
baree

2. The information presented 1z extremely relevant to my job as an inspector.

1 2 3 4 5 ] 7
Wery Strongly Heutral Very Strongly
Dhisagree baree
3. The subjects were well covered.

1 2 3 4 5 ] 7
Very Strongly Heutral Very Strongly
Dhsagree baree
4. The information presented was under standable.

1 2 3 4 5 ] 7
WVery Strongly Heutral Very Strongly
Dhisagree baree
Presentation
1. Thelaguage used by the speaker was understandable.

1 2 3 4 5 fi 7
Very Strongly Heutral Wery Strongly
Dhizagres bree
2. The screens were understandable.

1 2 3 4 5 fi T
Very Strongly Meutral YeryStrongly
Dhisagree baree
3. The information presented flowed smoothly.

1 2 3 4 5 fi 7
WVery Strongly Heutral Very Strongly
Dhisagree baree

Figure 1.41 Usability Questionnaire-ASSIST: General Module (Continued)
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4 The presentation was interesting.

1 2 a 4 a 6

7

Very Strongly Meutral
Dhisagree

Wery Strongly
baree

5. The narration in the modules helped in understanding the matenal.

“Eole of Inspection” Sub-module

1 2 3 4 5 ] 7
WVery Strongly Heutral Very Strongly
Dhizagres bree
A, It waseasy to navigate through the m odules.

1 2 3 4 5 ] 7
Very Strongly Heutral Very Strongly
Dhisagree baree
Usefulness

1. The knowledge gained from each of the following sub-modules was useful:

1 2 3 4 5 i T
WVery Strongly Heutral Very Strongly
Dhisagree baree
“Safety” Sub-module
1 2 3 4 5 fi 7
WVery Strongly Heutral Very Strongly
Dhizagres baree
“Aireraft Eewview” Sub-module
1 2 3 4 5 i 7
Very Strongly Heutral WVery Strongly
Dhisagree baree
“Factors Affecting Inspection” Sub-module
1 2 3 4 5 ] 7
Very Strongly Heutral Very Strongly
Dhizagree bgree
“Inspection Procedure™ Sub-module
1 2 3 4 5 ] 7
WVery Strongly Heutral Very Strongly
Dhisagree baree

Figure 1.41 Usability Questionnaire-ASSIST: General Module (Continued)




1. The short questions fresented during the final test were helpfu in reinfor cing what ou learned.

1 2 3 4 5 fi 7
Very Strongly Meutral Wery Strongly
Dhisagree baree

2. The information provided by the general module will help me in my job on the hangar floor.

1 2 3 4 5 fi 7
WVery Strongly Heutral Very Strongly
Dhisagree baree

3. Theinformation provided shondd be part of ary inspection training,

1 2 3 4 5 i T
Very Strongly Heutral WVery Strongly
Dhisagree baree

4. Inadditionto your OTT and classroom traning, all inspectors should be trained on the general module,

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Dhzagree bgree

5. Theinformation is veeful for anyone aspiting to be an inspector.

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Dhisagree baree
Format

1. The colotrs used on the screen did not distract from the task or cause eve discomfort.

1 2 3 4 5 fi 7
WVery Strongly Heutral Very Strongly
Dhisagree baree

1. Themgtons on the screen were easy to vnder stand.

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Dhisagree baree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)




1. The tith e for the computer to process information did not frustrate you.

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Dhizagree bgree

2. Vouwere satisfied with the interaction with the computer.

1 2 3 4 5 fi T
WVery Strongly Heutral Very Strongly
Dhisagree baree

3. The tutorial was effective in providing instruction

1 2 3 4 5 fi 7
Very Strongly Meutral Wery Strongly
Dhisagree baree

4 The colors used were pleasing.

1 2 3 4 5 fi 7
Very Strongly Heutral Very Strongly
Dhizagree Lbaree

Figure 1.41 Usability Questionnaire-ASSIST: General Module (Continued)




ASSIST: SIMULATION INSPECTION MODULE

Content

1. The amount of information presented was adequate.

1 2 3 4 5 i 7
Very Stongly Heutral Very Stongly
Disagres Lgree
2. The subjects were thoroughly covered.

1 2 3 4 5 i 7
Very Strongly Heutral Very Stongly
Digagree Lgree
3. The information presented was understandable.

1 2 3 4 5 ] 7
Very Stongly Heutral Very Stongly
Disagree Lzree
Presentation
1. Thelanguage used by the speaker was understandatle.

1 2 3 4 5 fi 7
Very Strongly Heutral Very Strongly
Disagree Lgree
2. The screens were understandable.

1 2 3 4 5 ] 7
Wery Strongly Heutral Very Strongly
Diisagree Lgree
3. The information presented flowed amoothly

1 2 3 4 5 ] 7
Very Strongly Heutral Very Stongly
Disagree Ligree

4 The narration in the modules helped in understanding the material.

1 2 3 4 5 G

7

Very Strongly
Disagree

Very Strongly
Lgree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)




4 The presentation was interesting.

1 2 a 4 a 6

7

Very Strongly Meutral
Dhisagree

Wery Strongly
baree

5. The narration in the modules helped in understanding the matenal.

“Eole of Inspection” Sub-module

1 2 3 4 5 ] 7
WVery Strongly Heutral Very Strongly
Dhizagres bree
A, It waseasy to navigate through the m odules.

1 2 3 4 5 ] 7
Very Strongly Heutral Very Strongly
Dhisagree baree
Usefulness

1. The knowledge gained from each of the following sub-modules was useful:

1 2 3 4 5 i T
WVery Strongly Heutral Very Strongly
Dhisagree baree
“Safety” Sub-module
1 2 3 4 5 fi 7
WVery Strongly Heutral Very Strongly
Dhizagres baree
“Aireraft Eewview” Sub-module
1 2 3 4 5 i 7
Very Strongly Heutral WVery Strongly
Dhisagree baree
“Factors Affecting Inspection” Sub-module
1 2 3 4 5 ] 7
Very Strongly Heutral Very Strongly
Dhizagree bgree
“Inspection Procedure™ Sub-module
1 2 3 4 5 ] 7
WVery Strongly Heutral Very Strongly
Dhisagree baree

Figure 42: Usability Questionnaire - ASSIST: Simulation Module (Continued)
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3. Theinformation provided by the Simulation module will help me in my job on the hangar

floor.
1 2 3 4 5 ] 7
Very Strongly Heutral Very Stongly
Disagree Ligree

4. The information provided should be part of anyinspection training

1 2 3 4 5 ] 7
Very Strongly Heutral Very Stongly
Disagree Ligree

5. Inadditionto yor OTT and classtoom traiting all inspectors shodd be trained on the simoalation mode.

1 2 3 4 5 fi 7
Very Stongly Heutral Very Stongly
Disagres Ligree

6. The information is usefidl for argrone aspiring to be an inspector.

1 2 3 4 5 fi 7
Very Strongly Heutral Very Stongly
Disagree Lzree

7. Thistraining would be usefl for periodic re-training of inspectors.

1 2 3 4 5 fi 7
Very Strongly Heutral Very Strongly
Disagree Lgree

2. Thistraining was very redistic to the real-world of inspecting

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Disagree Lgree
Format

1. The colorsused onthe soreet did not distract from the task or cause eve discomfort.

1 2 3 4 5 ] 7
Very Strongly Heutral Very Stongly
Dizagree Agres

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)



2. The buttons on the screen were easy to understand

1 2 3 4 5 i 7
Very Strongly Heutral Very Strongly
Disagree Ligree

3. The time for the computer to process inform ation did not frostrate o

1 2 3 4 5 fi 7
Wery Strongly Meutral Very Strongly
Disagree Lgree

4. ¥ouwere satisfied with the interaction with the computer.

1 2 3 4 5 i 7
Very Strongly Heutral Very Stongly
Disagree Ligree

5. The tutorial was effective in providing instction

1 2 3 4 5 ] 7
Very Stongly Heutral Very Stongly
Disagree Lgree

6. The picture quality used for the aircraft was realistic.

1 2 3 4 5 fi 7
Wery Strongly Heutral Very Strongly
Disagree Ligree

7. The picture quality of the defects was realistic.

1 2 3 4 5 i 7
Very Stongly Heutral Very Stongly
Disagree Lzree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)
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Table 1.4 Results from the Usability Questionnaire

7 Point Scale Mean Scores(S.D.)

: . Wicoxon
Category 1 7 General Simulation Test
Module Module
Content Va&grrf’ee”g'y very géfgg'y 566(183) | 527(191) | p<0.05
Presentation | Oy Srondly | Very Srondly | 525 4 53y | 548(1.32) | p<005
Agree Disagree

Very Strongly | Very Strongly

Usefulness Agree Disagree 547 (1.52) 4.81 (3.07) p<0.05
Very Strongly | Very Strongly

Format Agree Disagres 5.55(1.45) 5.14 (2.39) p<0.05

A Cronbach's Coefficient Alpha (Cronbach, 1951), was calculated for the group of questions to ensure
that it was appropriate to place them into a particular usability dimension (Tables 1.5, 1.6). The Alpha

Coefficient can be expressed mathematicaly as

& §viu

Alpha= ?L?[_ i
8- 16 vt U

g 8|

where

k = the number of questions combined,
V1t = the variance of the participants' total scores, and
Vi =the sum of the variances of the responses for each individual question.

Table 1.5 Cronbach's Alpha Coefficient: General Module

Category Vars Vary Kk Alpha
Content 9.54 32.26 4 0.94
Presentation 5.48 17.35 6 0.82
Usefulness 12.27 61.76 10 0.89
Format 9.08 21.09 6 0.68

Category Vars Varr k Alpha
Content 7.07 15.71 3 0.82
Presentation 7.02 14.25 5 0.63
Usefulness 32.95 364.50 12 0.96
Format 13.89 37.14 7 0.73




To ensure that the questions would yield interpretable results about usability, the Cronbach's Coefficient
Alpha should be greater than 0.5 and less than or equal to 1.0 (Cronbach, 1951). The alpha coefficients
for al four dimensions were within the prescribed limits; thus, the questions were grouped into ther
respective categories. The results of the usability survey are summarized in Table 1.5, listing the mean
and standard deviation for each usability dimension. Then, a Wilcoxon Signed Rank Test was used to
determine whether the subjects preferred the system of each of the four different usability dimensions by
comparing the actual mean scores versus the expected mean score of 4.0. The results revealed that the
subjects favored the computer system (Figure 1.43) on al the four dimensions investigated (Tables 1.7
and 1.9).

Results on Four Dimensions of the Simulation Module
Usability Survey

Presentation
B Content

Usefulness Fatigat

Figure 1.43 Results on Four Dimensions of the Simulation Module Usability
Survey
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Usability Analysis: General Module (Continued)

Likert Scale

Compared

Category Question 1 - Mean Mean (S.D.) | Wilcoxon test
1. The amount of information Very Very
presented was adequate. Strongly | Strongly 4 5.45 (2.11) (p<0.05)
Disagree | Agree
2. Theinformation presented is Very Very
_extremely relevant to my job asan Strongly | Strongly 4 5.48 (1.97) (p<0.05)
Inspector. Disagree | Agree
Content -
3. The subjects were well covered. Very Very
Strongly | Strongly 4 5.76 (1.98) (p<0.05)
Disagree | Agree
4. Theinformation presented was Very Very
understandable. Strongly | Strongly 4 5.93 (1.50) (p<0.05)
Disagree | Agree
5. The language used by the speaker Very Very
was understandable. Strongly | Strongly 4 6.02 (0.82) (p<0.05)
Disagree | Agree
6. The screens were understandable. | very Very
Strongly | Strongly 4 5.79 (0.88) (p<0.05)
Disagree | Agree
7. Theinformation presented flowed Very Very
smoothly. Strongly | Strongly 4 5.66 (1.31) (p<0.05)
. Disagree | Agree
Presentation - - -
8. The presentation was interesting. Very Very
Strongly | Strongly 4 559 (1.61) (p<0.05)
Disagree | Agree
9. The narration in the modules Very Very
hel peq in understanding the Strongly | Strongly 4 5.41 (1.18) (p<0.05)
material. Disagree | Agree
10. It was easy to navigate through Very Very
the modules. Strongly | Strongly 4 5.86 (1.12) (p<0.05)
Disagree | Agree
11. The knowledge gained from
each of the following sub-modules Vvery very
was useful“ Role of Inspection” St_rongly Strongly 4 5.41 (0.75) (p<0.05)
Sub-module Disagree | Agree
12. The knowledge gained from Very Very
each of the following sub-modules | strongly | Strongly 4 5.33 (1.03) (p<0.05)
was useful: Safety” Sub-module Disagree | Agree
13. The knowledge gained from
each of the following sub-modules Very Very
Usefuiness |Was ussful:*Aircraft Review” Sub- Strongly | Strongly 4 4.88 (1.24) (p<0.05)
module Di sagree Agree
14. The knowledge gained from
each of the following sub-modules very very
was useful:“ Factors Affecting Strongly | Strongly 4 547 (1.06) (p<0.05)
Inspection” Sub-module Disagree | Agree
15. The knowledge gained from
each of the following sub-modules Very Very
was useful:“ Inspection Procedure” Strongly | Strongly 4 5.40 (1.48) (p<0.05)
Sub-module Disagree | Agree
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Table 1.7 Usability Analysis: General Module (Continued)

Likert Scale

Compared

Category Question 1 = Mean Mean (S.D.) | Wilcoxon test
16. The short questions presented Very Very
during the final test were helpful in Strongly | Strongly 4 5.68 (1.22) (p<0.05)
reinforcing what you learned. Disagree | Agree
17. Theinformation provided by the Very Very
_general module will help me in my Strongly | Strongly 4 5.31 (2.36) (p<0.05)
job on the hanger floor. Disagree | Agree
18. The information provided Very Very
Usefulness |10uld bepartof any inspection | srongly | Strongly 4 5.90 (1.95) (p<0.05)
traning. Disagree | Agree
19. In addition to your OTJ and
classroom training, all inspectors very very
should be trained on the general St_rongly Strongly 4 5.55 (2.18) (p<0.05)
module. Disagree | Agree
20. Theinformation is useful for Very Very
anyone aspiring to be aninspector. | Strongly | Strongly 4 5.75 (1.76) (p<0.05)
Disagree | Agree
21. The colors used on the screen Very Very
did not distract from the task or Strongly | Strongly 4 5.41 (2.54) (p<0.05)
cause eye discomfort. Disagree | Agree
22. The buttons on the screen were Very Very
easy to understand. Strongly | Strongly 4 5.76 (0.76) (p<0.05)
Disagree | Agree
23. Thetime for the computer to Very Very
process information did not frustratel Strongly | Strongly 4 5.69 (0.86) (p<0.05)
you. Disagree | Agree
Formal 52 Youwere satisfied with the Very Very
interaction with the computer. Strongly | Strongly 4 5.61 (0.74) (p<0.05)
Disagree | Agree
25. The tutorial was effectivein Very Very
providing instruction. Strongly | Strongly 4 5.62 (1.82) (p<0.05)
Disagree | Agree
26. The colors used were pleasing. Very Very
Strongly | Strongly 4 5.24 (2.05) (p<0.05)
Disagree | Agree




Usability Analysis: Simulation Module

Likert Scale

Compared

Category Question 1 = Mean Mean(S.D.) | Wilcoxon test
1. The amount of information
Vey Very
presented was adequate. Strongly | Strongly 4 5.31 (1.95) (p<0.05)
Disagree | Agree
2. The subjects were thoroughly Very Very
Content | covered. Strongly | Strongly 4 5.08 (1.97) (p<0.05)
Disagree | Agree
3. Theinformation presented was Very Very
understandable. Strongly | Strongly 4 5.46 (1.03) (p<0.05)
Disagree | Agree
1. Thelanguage used by the speaker | y/gry Very
was understandable. Strongly | Strongly 4 5.71 (2.33) (p<0.05)
Disagree | Agree
2. The screens were understandable. | very Very
Strongly | Strongly 4 5.08 (0.93) (p<0.05)
Disagree | Agree
3. The information presented flowed Very Very
Presentation |Smoothly. Strongly | Strongly 4 5.41 (1.01) (p<0.05)
Disagree | Agree
4. The narration in the modules Very Very
helped in understanding the Strongly | Strongly 4 531 (1.13) (p<0.05)
materidl. Disagree | Agree
5. It was easy to navigate through Very Very
the screens. Strongly | Strongly 4 5.77 (2.23) (p<0.05)
Disagree | Agree
1. The knowledge gained from the Very Very
“Introduction” sub-module was Strongly | Strongly 4 5.13 (3.70) (p<0.05)
useful. Disagree | Agree
2. Theinspection tools (scraping
knife, magnifying glass, mirror, and Very Very
flashlight) used during the “ Testing” | Strongly | Strongly 4 4.69 (2.42) (p<0.05)
sub-module were realistic and Disagree | Agree
helpful inlooking for defects.
3. The feedback provided at theend | \/gry Very
of each screen was useful. Strongly | Strongly 4 5 (2.60) (p<0.05)
Disagree | Agree
4. The feedback provided at the Very Very
Usefulness | end-of-session was useful. Strongly | Strongly 4 5.03 (1.69) (p<0.05)
Disagree | Agree
5. The defect write-up provided on Very Very
the discrepancy card was useful. Strongly | Strongly 4 5.12 (3.02) (p<0.05)
Disagree | Agree
6. This computer program will make
Very Very
{argﬁior? component of your overall Strongly | Strongly 4 4.97 (3.76) (p<0.05)
9 Disagree | Agree
7. The information provided by the Very Very
S m_ulatlon module will help mein Strongly | Strongly 4 4.23 (2.73) (p<0.05)
my job on the hanger floor. Disagree | Agree




Performance Analysis

The data was analyzed using a mixed between and within subjects design. Separate analyses of variance
were conducted on the following performance measures: inspection time, percentage defects correctly
detected, number of false darms, number of misses, total score on non-routine cards, score on the
knowledge test (sections | and 11) and the score on the hangar floor test. The mean score for the different
experimental conditions along with the ANOV As are shown in Tables 9 through 22. Analyses of variance
showed training was significant for the following performance measures. percentage correctly detected
(Figure 1.44), number of false alarms (Figure 1.45), misses (Figure 1.46), total score on non-routine cards
(Figure 1.47). Although, the effect of training for the post training trail for the knowledge test (sections |
and Il) was not statigtically significant, looking at Figure 1.48, it can be seen that the training group
reported higher scores on the post training trail for the knowledge test on both sections | and 11. The effect
of pacing was significant for the following performance measures: inspection time, percentage correctly
detected, number of false alarms, misses, and total score on non-routine cards. Interestingly, anayses of
variance did not reveal any significant differences between groups for the hangar-floor test (Figure 1.49).



Table 1.9 Performance Measures Table

Total scoreon

Inspection time Per centage Number of false . .
Group Il(llﬁprﬁggrr (min) correctly detected alarms Number of misses | non- rcc)g::jnsework
Unpaced | Paced | Unpaced | Paced | Unpaced | Paced | Unpaced | Paced | Unpaced | Paced
S1 26.60 27.02 45 40 13 40 11 12 7.50 6.50
2 33.23 16.45 45 45 6 2 11 11 9.00 9.00
3 49.67 32.73 60 60 35 32 8 8 11.00 11.00
A 57.38 13.50 60 65 29 27 8 7 11.50 11.50
S5 38.98 39.22 45 65 23 73 11 7 9.00 11.00
Trained 6 35.50 30.70 60 70 30 43 8 6 12.00 12.50
Group Y4 57.83 35.70 50 55 36 46 10 9 9.00 9.50
S8 37.73 29.75 50 55 35 42 10 9 10.50 11.00
9 39.52 30.28 50 70 29 39 10 6 9.50 14.00
Mean 41.83 28.37 51.67 58.33 26.22 38.22 10.00 8.00 9.89 10.67
Std. Dev. 10.81 841 6.61 10.61 10.45 18.67 132 2.12 145 2.15
S10 48.35 46.50 30 60 15 34 14 8 450 10.50
S11 40.50 29.17 20 45 14 22 16 11 4,00 8.00
S12 69.37 33.70 35 40 24 12 13 12 7.00 7.00
S13 9.30 6.27 15 15 13 29 17 17 3.00 3.00
Control Sl4 18.12 11.29 15 20 7 11 17 16 2.50 3.50
Group S15 21.58 19.24 35 35 2 5 13 13 7.00 6.50
S16 63.49 40.28 45 70 12 6 11 6 9.00 13.50
S17 55.46 3152 40 50 20 20 12 10 7.00 10.00
Si18 63.14 30.47 30 65 27 32 14 7 550 13.00
Mean 43.26 27.60 29.44 44.44 14.89 19.00 14.00 11.00 5.50 8.33
Std. Dev. 22.14 13.09 10.74 19.11 7.88 11.08 2.14 3.82 2.17 3.76
Score on non-routine work cards
20
Score=S S S=0051
i=1 0 = Incorrect

i = Number of questions

0.5 = Partialy correct

1 = Correct




Table 1.10 Inspection Time

Source df

Group 1 .98 .98 0.001

Pacing 1 1906.20 1906.20 20.56

Group * Pacing 1 10.87 10.87 0.12
*p<0.05

Table 1.11 Percentage Correctly Detected

'Souree @ |  df | s | wMs | F ]

Group 2934 03 2934 03 11. 61

Pacing 1 1056.25 1056.25 16.10

Group * Pacing 1 156.25 156.25 2.38
*p<0.05

Table 1. 12 Number of False Alarms

Source df SS MS F

Group 1 2100.69 2100.69 941

Pacing 1 584.03 584.03 5.9

Group * Pacing 1 140.03 140.03 143
*p<0.05

Table 1.13 Number of Misses

Source

Group 117. 36 117 36 11. 61

Pacing 1 42.25 42.25 16.10

Group * Pacing 1 6.25 6.25 2.38
*p<0.05

Table 1.14 Total Score on Non-routine Workcards

Sour ce df SS MS F

Group 1 101.67 101.67 10.11

Pacing 1 20.34 20.34 10.78

Group * Pacing 1 9.51 9.51 3.49
*p<0.05
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Table 1.15 Knowledge Test Section | : Scores Obtained

from set of 14 Questions

Subject Be_fo_re After Training
Training
T1 55 59
T2 65 63
T3 23 29
T4 43 43
Trained T5 44 49
Group T6 49 59
T7 49 62
T8 43 35
T9 45 51
Mean (Std. Dev.) |[46.22 (11.24) 50.00 (12.20)
C1 41 43
C2 43 47
C3 41 39
C4 33 35
Control C5 51 33
Group C6 57 57
C7 39 49
C8 35 53
C9 33 37
Mean (Std. Dev.) 41.44 (8.11) 43.67(8.37)

Table 1.16 Knowledge Test Section | : Short Q & A (analysis)

Source df SS MS F

Group 1 277.77 277.77 161
Condition 1 81.00 81.00 242
Group * Condition 1 5.444 544 0.16

*p<0.05



Table 1.17 Knowledge Test Section Il : Scores

Obtained from set of 30 Questions

Subject Before After
Training Training
T1 25 28
T2 29 29
T3 28 28
T4 28 29
Trained T5 25 28
Group T6 29 30
T7 28 27
T8 29 29
T9 28 29
Mean (Std. Dev.) | 27.67 (1.58) | 28.56 (0.88)
C1 27 28
C2 28 30
C3 25 25
C4 25 26
Control C5 26 25
Group C6 24 28
C7 27 27
C8 28 23
C9 25 28
Mean (Std. Dev.) | 26.11 (1.45) | 26.67 (2.12)

Table 1.18 Knowledge Test Section Il : Multiple Choice (analysis)

Sour ce df SS MS F
Group 1 26.69 26.69 9.59*
Condition 1 4.69 4.69 217
Group * Condition 1 0.25 0.25 0.12

*p<0.05
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Table 1.19 Summary of F values from ANOVA (Tables 8-12)

I nspection | Percentage | Number Number | Total Score non-

Source -(rrLTn(; %gtgg %;?Jnsse of Misses |routinework cards
Group 0.00 11.61* 9.41* 11.61* 10.11*
Pacing 20.56* 16.10* 5.95* 16.10* 10.78*
Group * Pacing 0.12 2.38 143 2.38 349
*p<0.05

Table 1.20 Summary of F values
from ANOVA (Tables 14 & 16)

Source Short Multiple
Q& A |Choicetest
Group 161 9.59*
Trial 242 217
Group * Trial 0.16 0.12

*p<0.05




Table 1.21: Mean scores of Hangar Floor

Test
Subject After Training

Tl 25

T2 21

T3 21

T4 19

Trained T5 23
Group T6 23
T7 21

T8 21

T9 21

Mean (Std. Dev.) 21.67 (1.73)

Cl 23

C2 23

C3 23

C4 23

Control C5 19
Group C6 17
C7 19

C8 14

C9 23

Mean (Std. Dev.) 20.44 (3.36)

Table 1.22: Hangar Floor Test (analysis)

Source df SS MS F
Group 1 6.72 6.72 0.94
*p<0.05
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Percentage of Defects
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Figure 1.44 Performance Measure: Percentage of Correctly Detected Defects
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Figure 1.45 Performance Measure: Number of False Alarms
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Performance Measure:
Number of Misses
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Figure 1.46 Performance Measure: Number of Misses
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Figure 1.47 Performance Measure: Total Score on Non-routine Work Card
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Knowledge Based Test - Section1 and 2

B0

Trained Group

a0 Control Group

40

Trained Group Cantrol Group

Score

30

20

10

Section 1 Section 2

Figure 1.48 Performance Measure: Knowledge Based Test-Section 1 and Section 2

The results are unequivocal as to the usefulness of the system as perceived by the inspectors and
supervisors. The usability analysis clearly demonstrates that the system was well-liked and easy to use.
Thisis atestament to the task anaytic and the iterative devel opment methodology used in developing
ASSIST. The system developers worked closely with aircraft maintenance personnel--inspectors,
supervisors, training departments and quality assurance staff--in devel oping the system to ensured it was
not only appropriate in its content and addressed the inspection training needs of aircraft maintenance
organization but also user-friendly.

The results of this study are encouraging as to the effectiveness of computer-based inspection training and
specifically ASSIST inimproving performance. Performance of the training group significantly improved
on the criterion inspection task, the inspection of Aft-Cargo bin of L-1011, following training. Of greatest
interest was the increase in the percentage of defects detected and the reduction in the number of misses
for the training group compared with that for the control group. The training group detected a
significantly greater number of defects and missed fewer. This has implications for on the job
performance where detection of defects and having alow number of misses are critical to improving
ingpection performance and ultimately aviation safety.

Moreover, inspectors assigned to the training group also reported higher scores on the non-routine cards
following training compared to the control group. These scores measure the correctness and
appropriateness of the information entered by the inspector using the non-routine cards following the
identification of defects. Subjects responses entered on the non-routine card were scored based on a
“standard or correctly completed non-routine card.” The information entered on these cardsiis critical for
follow-up maintenance action because incorrect entries or incorrect information can result in erroneous
maintenance action. Significantly improved performance for the training group in completing the non-
routine card has information has obvious implications for incorporating ASSIST training as part of
regular ingpection training. The training program also resulted in improved inspection knowledge about
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the job. The content of ASSIST helped the inspectors in the training group develop a better understanding
of the “ingpection job” asindicated by the higher scores on the post-training knowledge test, a response
supported by the subjects’ feelings regarding the appropriateness of the content as shown by the high
scores assigned to content related questions on the usability questionnaire for both the general and
simulation modules, specifically questions 1, 2 and 3 for the general modules and questions 2 and 3 for
the smulation module.

Inspectors reported that the information provided by the general and simulation modules should be part of
any inspection training. Moreover, they aso stated that ASSIST training should be incorporated into the
existing training for inspectors. Although the hangar floor test did not show significant differences
between the two groups, these results were expected. Unlike the simulation tests in which there was
greater experimental control, the hangar floor test was conducted in an uncontrolled hangar environment.
Moreover, the hangar floor tests were conducted following the knowledge test, suggested that
performance on the latter may have resulted in all subjects spending extra time reviewing material on
their own, thus explaining the lack in sensitivity to inspection training.

1.5.3 Conclusions

In summary, the results have demonstrated the benefits of a well-designed computer based inspection
training program. ASSIST not only improved performance but also was well accepted by inspectors. The
following specific conclusions can be drawn from this study.

1. Improved Inspection Performance: Training using ASSIST trandated into improved knowledge of
the inspection task, resulting in reduced errorsin the form of a significantly higher percentage
detected, fewer misses and more correct write-ups for non-routine cards.

2. High Leve of User Satisfaction: Usability evaluation clearly revealed that inspectors with different
levels of computer experience could easily use a computer-based training tool. The high scores
obtained for the various usability dimensions is a testament to the task anaytic and iterative and
customer focused methodology employed in development of ASSIST.

3. Standardized Method for Inspection Training: ASSIST can help standardize the aircraft inspection
training process by ensuring similar content across inspection training curriculums.

4. Completeness: Inspectors can be exposed to awide variety of defects with varying degrees of severity
at different locations through the use of alibrary of defect images. Inspectors can aso be trained on
less frequently occurring critical defects.

5. Adaptability: ASSIST can be modified to meet the needs of individual inspectors. Batch files of
images can be created to train ingpectors on particular aspects of the ingpection task with which they
have the greatest difficulty. Thus, the program can be tailored to accommodate individual differences
in inspection abilities.

6. Efficiency: Since the training will be more intensive, the trainees will be able to become more skilled
in ashorter period of time.

7. Integration: The training system will integrate different training methods, for example, feedback
training, feed-forward training, and active training into a single comprehensive training program.

8. Caertification: ASSIST can be used as part of the certification process. Since the record keeping
process can be automated, instructors can more easily monitor and track an individua’s performance,
initially for training and later for retraining.

9. Instruction: ASSIST could be used by ingtructorsin FAA certified A& P schools for training. Under
these conditions, for example, aircraft maintenance technicians could gain exposure to defects on
wide-bodied aircraft that they might not have otherwise.
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Although, the training group showed significant improvements in performance, we still do not know
whether the training was effective for all inspectors because as literature has shown, large differences
exist in ingpection abilities. Unless we answer this very important question, devel opers of training
program will tend to design strategies insengitive to individua differences in aircraft inspection abilities.
In light of this Situation, it is clear that we must identify training strategies to compensate for individual
differences in inspection abilities to raise performance to a higher level. The individua differences issue
was addressed as part of year 3 activities.

1.6 IMPROVING INSPECTION PERFORMANCE: STUDY OF
INDIVIDUAL DIFFERENCES - YEAR 3

One of the most important factors impacting this reliability involves the stress of the time constraints
imposed by the procedure involved in inspection and maintenance. Aircraft for commercia use have
their maintenance scheduled by a team that includes the FAA, aircraft manufacturers and start-up
operators. These schedules are then taken by the carrier and modified so that they suit individual
requirements and meet legal approva. Within a carrier’ s schedule there will be checks at various
intervals, often designated as flight line checks, overnight checks, and A, B, C and D, the heaviest,
checks. The objective of these checksis to conduct both routine and nonroutine maintenance of the
aircraft, including scheduling the repair of known problems; replacing parts after a certain air time,
number of cycles or caendar time; repairing defects discovered previously through reports logged by
pilot and crew, line ingpection and those deferred from previous maintenance; and performing scheduled
repairs. Inspections themselves often lead to repairmaintenance, if a defect is discovered during this
process. In the context of today’ s aging fleet, ingpection takes on an even more vital role. Scheduled
repairs account for only 30% of all maintenance compared to 60-80% in the younger fleet, an increase
attributed to the number of age-related defects.® In such an environment the importance of the role of the
inspector cannot be overemphasized.

In addition, the scheduling involved in inspecting individua aircraft adds to the stress placed on
inspectorsand AMT's. Asthe aircraft arrives at the maintenance site, the inspection and maintenance
schedule is trandated into a set of job or work cards containing the instructions for the work to be done.
Initially, the aircraft is cleaned and access hatches opened so that inspectors can view the different areas.
This activity is followed by a heavy inspection check. Since such alarge part of the maintenance
workload is dependent on the discovery of defects during inspection, it is imperative that the incoming
ingpection be completed as quickly as possible after the aircraft arrives at the inspection maintenance site.
Furthermore, there is pressure on the inspector to discover any critical defects necessitating lengthy
follow-up maintenance early in the inspection process. Thus, there is a heavy inspection workload at the
commencement of each check because it is only after the discovery of defects can the planning group
estimate the expected workload, order replacement parts and schedule maintenance items. Asaresult,
maintenance facilities frequently resort to overtime, leading to an increase in the total number of
inspection hours and prolonged work hours. This is compounded by the fact that much inspection,
including routine inspections on the flight line, is carried out in the night shift, between the last flight of
the day and first flight on the next.

The pressure caused by time congtraints doesn't end after the initia ingpection. After adefect is detected,
written up as a Non-Routine Repair (NRR) Record, trandated into a set of work cards and rectified by the
maintenance crew, it may generate additional inspection, typically referred to as * buyback” inspections,
to ensure that the work meets necessary standards. Thus, initialy, the workload on the inspector is very
high with the arrival of an aircraft. Asthe service on the aircraft progresses, the inspection workload
decreases as the maintenance crew works on the repairs. The inspection load again increases towards the
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end of service, compounded by frequent interruptions as AMT's call in ingpectors to conduct buybacks of
completed work.

Task analysis of aircraft inspection supports the stress caused by its complexity: the inspector hasto
search visualy for multiple defects occurring at varying severity levels and locations in addition to being
sensitive to efficiency (speed measure) and effectiveness (accuracy measure), performance measures
impacted by task and other factors if they are to optimize their performances (Figure 1.49).*" %

Task Factors Physical &
Environmental
Factors
AMT / Inspection
Performance
Speed Accuracy
. - ‘
On time Quality of
Departure | Work
Subject Organizational
Factors Factors

Figure 1.49 Factors Impacting Aircraft Inspection Performance

The ingpection task is further complicated due to the wide variety of defects being reported in older
aircraft, atrend expected to continue into the future given the widespread use of these aircraft.
Consequently, a more intensive inspection program is required for them. However, even the introduction
of newer aircraft will not reduce the inspection workload, as new airframe composites create an additional
set of inspection variables.

The problem of inspection is further compounded since the more experienced inspectors and mechanics
areretiring and are being replaced by a much younger and less experienced work force. Not only do the
unseasoned AMT's lack the knowledge or skills of the far more experienced inspectors AM T's they are
replacing, they are not trained to work on awide variety of wide-bodied aircraft. Moreover, anays's of
aircraft ingpection activity has reported large individual differences and this can be a critical factor that
can potentially impact the effectiveness of ingpections. Literature on inspection has identified a battery of
Individual differences tests, which can serve as predictors of inspection performance. Before adecision
can be made on which tests are appropriate it is necessary to clarify the skills required while performing
aircraft inspection tasks. Task analyses of inspection activities guidance on this matter.*2** |t can be seen
that the aircraft inspection process requires alarge amount of mental processing and a large amount of
information transmission together with extensive use of short-term and long-term memory. In addition
there could potentidly be definite time constraints on performing the job. Table 1.23 summarizes the
various tests that have been used in the past as predictors of individua differences in inspection abilities
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indicating. The Significance column shows the success achieved in predicting inspection performance for

each test.

Table 1.23 Tests used as predictors of Individual Differences

Individual Test M easures Significance
Difference
Student Student or industrial inspectors None™
subjectsvs.
inspectors
Age Demographics survey Age Good?*"“®
Experience Demographics survey Y ears of work experience Good**
Gender Demographics survey Gender Good*®%*
Visual Acuity 20/20 vision High*®%°
Lobe Size Mesasure of fixation point  Areaaround fixation point Good®
Aptitude Skills  HarrisInspection Test I dentify unmatching objects High(electronics)™
WAIS 1Q test Good®
Short Term Memory Memory — short -term Weak®
Gordon Test Photographic memory Good®
Cognitive *EFT I dentify embedded context High™
Behavior Eysenck Introversion/extroversion Mixed?>®
Guilford-Zimmerman Sociability,sability restraint Low®
MMPI Guardedness, anxiety Low®
MFFT Impulsives/reflectives High*®
*Locus of Control Introversion/extroversion High*®=>’
*Certainty Equivalence Risk seekers, risk aversion N/A>*
*Myers-Briggs Introversion,sensing,thinking ~ N/A*

Appendix A also provides a summary description of each test. Drawing from the task analyses of aircraft
inspection, and results of earlier studies on the use of individua differences test for inspection tasks, the
following four tests were selected for this study: the Myers-Briggs Test, the Embedded Figures Test, the
Locus of Control Test, and the Responsible Risk Taking Inventory Test.?#9556

In addition to the individual differences a critical factor known to affect aircraft inspection performanceis
the time available for ingpection. Inspectors may have different amounts of total time based on the type of
maintenance checks (e.g., ramp inspections, A, B, C or D checks) with the least amount of time available
for ramp checks and the maximum for D checks. Literature on inspection pacing is rich, discussing the
effects of pacing for ingpection tasks that have both the search and decision making components.’* A
common conclusion drawn from these studies that can guide us in understanding human performance in
arcraft inspection is that pacing exerts stress which, in turn, reduces inspection accuracy. However, most
of the efforts focused on pacing in inspection have looked at inspection tasks typical of those in the
manufacturing industry or artificial tasks typical of laboratory environments; none have looked at aircraft
inspection per se. This being the case, it is critical that we conduct a study that expressly looks at and
identifies interventions to improve aircraft ingpection performance under paced and unpaced
environments.

Training also been shown to be a powerful intervention strategy improving inspection performance when
applied to both novice and experienced inspectors.'** Existing training for inspectors in the aircraft
mai ntenance environment tends to be mostly on-the-job (OJT). Nevertheless, this may not be the best
method of instruction because, for example, for feedback may be infrequent, unmethodical, and/or may
not be provided in atimely manner (see FAA?%). Moreover, in certain instances feedback is
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economically prohibitive or infeasible due to the nature of the task. Because the benefits of feedback in
training have been well documented, and for other reasons as well, aternativesto OJT are sought.®
Furthermore, training for improving visua inspection skills of aircraft inspectors is generally lacking at
aircraft repair centers and aircraft maintenance facilities. However, the application of training knowledge
to enhance these skills has been well documented in the manufacturing industry. Training has been shown
to improve the performance of both novice and experienced.*** Visual inspection skills can be taught
effectively using representative photographic images showing a wide range of conditions with immediate
feedback on the trainee' s decision.®® Using redistic photographic images as atraining aid in controlled
practice with feedback has aso been shown to be superior to only OJT.*%°

Thus, off-line training/retraining with feedback has arole to play in aircraft ingpection training. One of
the most viable approaches for delivering training given the many constraints and requirements imposed
by the aircraft maintenance environment is computer-based training, which offers several advantages over
traditional traning approaches: it is efficient while at the same time facilitating standardization and
supporting distance learning. With computer technology becoming cheaper, the future will bring an
increased application of this advanced technology in training. Over the past decade, instructional
technologists have applied numerous training devices to a variety of technical applications with the
promise of improved efficiency and effectiveness. Examples of such technology include computer-based
simulation, interactive videodiscs, and other derivatives of computer-based applications. Compact disc
read only memory (CD-ROM) and Digital Video Interactive (DV1) are two other technologies which will
provide us with the "multi-media" training systems of the future. Many of these training delivery systems
such as computer-aided instruction, computer-based multi-mediatraining and intelligent tutoring systems
are dready being used today, thus ushering in arevolution in training.

In the domain of visual inspection, the earliest efforts to use computers for off-line ingpection training
were reported by Czaja and Drury.® They used keyboard characters to develop a computer simulation of a
visua inspection task. Similar simulations have aso been used by other researchers to study inspection
performance in alaboratory setting. Since these early efforts, Latorella et a. and Gramopadhye, Drury
and Sharit have used low fiddlity inspection simulators using computer-generated images to develop off-
line inspection training programs for inspection tasks.#* Similarly, Drury and Chi studied human
performance using a high fidelity computer smulation of a printed circuit board inspection.** Another
domain, which has seen the application of advanced technology, is that of inspection of x-rays for medical
practice.

However, most of the work in the application of advanced technology to inspection training has focused
on developing simulators for running controlled studies in alaboratory environment with advanced
technology finding limited application in industrial, and specificaly, aircraft inspection tasks. In light of
this situation, a computer based training system focused on improving inspection skills for aircraft
inspection tasks was devel oped as part of previous FAA funded efforts. These efforts yielded the
Automated System of Self Instruction for Specialized Training (ASSIST) inspection-training software. A
follow-up study conducted to evaluate the usefulness of ASSIST revealed that inspectors knowledge of
the aircraft inspection task, inspection performance on a simulated aircraft inspection task and inspectors
performance on rea-world aircraft structural inspection task had improved significantly following
training.*

Despite the effectiveness of ASSIST, questions sill remain unanswered. We still do not know whether
the training was equally effective for al inspectors or if certain individual characteristics as measured by
individua differences test can throw new light into understanding post training inspection performance.
In addition, we need to determine if training is equaly effective under both paced and unpaced situations.
Unless we develop answers to these questions, we will continue to design ad hoc and generalized training
programs, with the hope that they will improve performance for al aircraft inspectors under al situations.
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Itis critical that we move beyond designing and using these “one size fits dl” training strategy to
improving aircraft ingpection performance.

1.6.1 METHODOLOGY

Subjects

The subjects for this study consisted of 18 inspectors from an aircraft maintenance facility who were paid
their full hourly rate by the company for their participation. Those selected had different levels of
inspection-related work experience (six subjects with less than one year of experience, six between one
and 10 years, and six with more than 10 years of experience). The subjects were randomly assigned to one
of the following two groups, the control group or the trained group, so that each had subjects with an

equal distribution of work experience:

Control Group: Subjects assigned to this group received no training prior to taking both Trail Block 1, the
unpaced criterion visual inspection task, and Trial Block 2, the paced criterion visual inspection task.

Trained Group: Subjects in this group received general inspection and criterion task training with feedback on
performance measures, speed and accuracy, prior to taking Trial Blocks 1 and 2.

Experimental Design

The study used a2 X 2 design which consisted of two groups, control and trained, with nine subjects
nested in each and two trial blocks, paced and unpaced, with the |atter treated as a repeated measure
(Table 1.24).

Equipment for Computer Simulation

The experiment was conducted using Hewlett Packard personal computers with a Windows NT
Workstation 4.0 operating system and an Intel Pentium |1 processor operating at 300 Mhz. The subjects
viewed the stimulus material at a resolution of 800x600 pixels/inch from 20 inches and responded to the
stimulus materiad using a two-button mouse.

Stimulus Material

The stimulus material used was ASSIST, a computer-based inspection training software consisting of
three modules - General Inspection, Simulation, and Instructor's, which was devel oped for aircraft
ingpection training.* This multimedia computer-based program developed to train aircraft ingpectors on
ingpection skills was used to simulate the inspection tasks and to collect performance data.



Table 1.24 ASSIST Protocol

Individual Differences Test ASSIST
. Hangar
Consent | Demographic Knowledge Flo%r
Responsible | Simulation | Simulation test . .. Simulator Test
form survey Myers- | Embedded | Locus of esponsit . Training | Training Test Test
. . Risk Taking | trial & .
Briggs test |Figures test| Control test general | simulator
Inventory test| demo Unpaced | Paced Unpaced | Paced
Description 7 questions on 85 questions | 18 questions 30 questions |39 questions used | Parameter set: Parameter set: The ASSIST| Parameter Parameter set: Section I:
of Protocol topics such as | used to obtain | to test for the used to to measure the | -No feedback Ist test- General set: 1st test- Short answer |Demonstrat
Stage age, experience, | a personality ability to  |measure internal| amount of risk -Unpaced Module (All | 32 screen -Unpaced questions on ion test
certification, and | type code. separate an and external | people will take (Small -No feedback five sub- scenario- -No feedback General
training individual | characteristics, | when making [introduction to modules) -Unpaced aircraft
figure from a |introversion and decisions the ASSIST 2nd test- -Feedback 2nd test- inspection
more complex | extroversion software and | -paced using mean -Paced using mean
stimulus of the simulated of Ist test of Ist test Section II:
which it forms inspection -No feedback -No feedback 30 multi l;:
a part environment) up
choice
questions total
(taken from
the ASSIST
software)
9 subjects X X X X X X X X X X X X X
Trained
9 subjects X X X X X X X X N/A N/A X X X
Control
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Procedure

At the outset al the subjects completed a consent form (Figure 1.50) and a demographics questionnaire
(Figure 1.51) which solicited information on the subjects’ backgrounds, ages and experience in
ingpection. Next, al subjects were administered four individual differences tests: the Embedded Figures
Test (Figure 1.52), the Myers-Briggs Test (Figure 1.53), the Locus of Control Test (Figure 1.54), and the
Responsible Risk Taking Inventory Test (Figure 1.55).254%5563

INFORMED COMNSENT STATEMENT FOR AUTCKATED SELF-FACED 5¥ 5 TEM FOR.
INSTRUCTIONAL SUPPORT AND TEAINING (&55I5T)

INFORMIATION

You have been irvited to participate in a research stody entitled The ASSIST Fesluation Stadw  If sou agree to
participate, you will be one of eighteen subjects at your facility who will be participating in the study. Your
participation will be on an individual basis.

Prior fo any activities, you will be asked to fill out some personal dermographic infommation.  ALL INFORWATION
WILL BESTRICTLY COMFIDENTIAL.

There are two distinct stages to this research. In the first stage, wou will perform an on-the-job test and a corputer-
sirnulated test of aircraft inspection. ¥ou will then recere tairing from a computer-based multimedia inspection-
trairing tutoral. In the second stage, wou will perform another on-the-job test and another cormputer-sirnulated test of
aircraft inspection.

Youwill ako he asked to complete a nuliiple-choice testhoth hefore and after training. The scores on your test
willnot he revealed to anyone other than yourself (upon request) and the investigators conducting this research

This study is not o mweasure your indridual dhility as an inspector, but rather to measure the effects of owr training
roue thod.

The termimology used throughout this research study i meant to he general in nature and ot specific to Delia
Air Lines. If vou have g uestions on the terminology giren, please see the iraining ad ministrators.

ESTIMATED TIMWE FOR STAGE 1 and TRAINING = 4 HOURS

At the conclusion of the study you will be asked o fill outa guestionnaire ghving us your opinion of the training.

ESTIMIATED TIWE FOR STAGE 2 =3 HOUERS
COMNSENT

I hawe been given the opportonity to ask guestions shout this study, answers to guestions (if any?) have been
satisfactory

The information in the study records will be kept confidential and will be made available only to persons conducting
the study unless [ specifically give permission in writing to do otherwise. Inany remults of this study that are pablished,
I will notbe identified.

In consideration of all of the above, I give ray consent to participate in this research study. I understand that I rnasy drop
out of'this stody at ansy point if T so choose.

I acknowledge receipt of' a copeyr of this informed consent staternent.
SIGHATURE OF SUBJECT
DATE

SIGHATURE OF WITHESS

SIGHATURE OF INVESTIS A TOR
Figure 1.50 Consent Form



Mame

1. Sex _ Male __ Female
2. Age _ =i S5 oo || § I I 3 || B 11
1. How long hasve ywos been an adrcraft ingpector?

_ =1ls  ___ 1-10+s 10 s +
2. Howlong hawe you been in the aireraft maintenance industey?

<1 . 1-10 s, 10 5= +

3. What shift ate you cutterdly worling?

1# g g2

4. Which of the following certificatesTcenses do you have? (S elect more than one if appropri ate)
Adrframe certifi cate Powrer Plant certificate
Eepairman certifi cate FCC license

Inspection anthorization cerificate

5. Where did wou receiwve the majority of wour techmical training?
Militarsy Techrical Schools C ompany training
6. W out pritaryjob function as an inspector is

HMV Letter check

Figure 1.51 Demographics questionnaire




EMBEDDED [
| FIGURES TEST [?

By Philip K. Qitman, Evelyn Raskin, & Herman A, Witkin

Mame Sex

Today's dale Birth date

INSTRUCTIONS: This is a test of your ability to find a simple form when
it is hidden within a complex pattern.

Here is a simple form which we have labeled "X':

X

This simple form, named “X”, is hidden within the more complex figure
below:

LJ,;#’

Try to find the simple form in the complex figure and trace it in pencil
direcily over the lines of the complex figure. It is the SAME SIZE, in the
SAME PROPORTIONS, and FACES IN THE SAME DIRECTION within the
complax figure as when it appearad alone.

Figure 1.52 Embedded Figures Test




Part |. Which Answer Comes Closest to Telling How You Usually Feel or Act?
Make an “X" in the appropriate square.

11. When Vi are W ith a Rroup af prr,lple,

1. Are you usually would you usually rather 20.In a large group, do you more often
[ a "good mixer,” L] jodn in the talk of the group, [ introduce others,
ar o or
(] rather quiet and reserved? L1 talk with one person at a time? [ get introduced?
L [If you were a teacher would you 12. Do you admire more the peaple
rather teach who are 1. Would you rather be considered
O] fact courses, [ conventional encugh never i [ a practical person,
or make themselves conspicuous, or o
[ cousses invelving theory? (1 oo original and individual bo care L] an ingenious person?

whether they are conspicuous or not?

3. Is it a higher compliment to be called 13. Do you more often let 2% Do you usually
[ a person of real feeling, [ your heart rule your head, [ value sentiment more than logic,
or ar ar
[0 a consistently reasonable person? [ your head rule vour heart? O value logic more than sentiment?
Figure 1.53 Myers-Briggs Test
Name

LOCUS OF CONTROL INVENTORY

Instructions: Fead each statemert carefully; then ndicate the esttent to which yvou agreewath i by writing a mimber n
the blank provided. There areno right or wrong choices, just choose the one that 1s right for you. Iftheresponses do
not adequately indicate your own opiton, use the manber closest to the way you feel. Use the following key:

Strongly Generally Agree Agree Seldotm or
Agree Agree Sotnearhat Only Slightly Mewer Agree
4 3 2 1 0

1. I determine what matters to me i the organization.

2. The course of my career depends on me.

3. My success or falure depends on the amount of effort T exert.

4. The people who are important control matters in this organization.

5. My career depends on my seniors.

fi. My effectiveness in this organization i3 determined by senior people.

7. The organization a person joins of the job he or she takes is an accidental occurrence.

3 A person’s career 15 a matter of chance.

9. A person’s success depends on the breaks or chances he ot she receives.

10.3uccessful completion of my assignments 15 due to my detatled planning and hard work,
11.Being liked by seniors or making good impressions on them influences promotion decisions.
12.Receiving rewards in the organization ig a matter of luck

13. The success of my plans 12 a matter of luck,

Figure 1.54 Locus of Control Test




Name

Responsible Risk-taking Inventory

Srale 1 2 e 4 5 6 7 8 9
complete moderate complete
disagreement agreetment agreement

1.Ireach out to new people easily.
2. Fadapt iy work to fit my personality.
3 Ttrust people a lot
4, I am proud to “show off ™ good work.
5. 1 often stand up for people who are not popular.
. I am rewardsd for my good suggestions.
T L try to work closely with people.
& I aften challenge old polices and views.
9 T am sometimes hurt by people who I have supported.
L0, Lam flexible in how § do woy work,
11. I single out those who need special recognition.
12, T often explore new ways fo do my wark.,
13. I feel it iz important that people believe in you.
14, Ity to make new things happen.
15. T like to be part of a “give-and-take™ team effort.
16, Ilike the chance io prove myself—to show
wihat f can really accomplish on my own,
17. I feel followers build relationships as much as leaders.

18 1 aften find athers capyving wy ideas.
Figure 1.55 Responsible Risk Taking Inventory Test

In the simulation training portion, subjects were provided inspection training on the computer-simulated
aircraft ingpection task (Figures 1.56 through 1.59). Subjects were tasked with completing the inspection
of the Aft-Cargo bin of an L-1011. Initially, subjects were provided with awork card -- work instructions
identifying the inspection task to be completed (Figure 1.60). Then, the subjects were presented with a
series of photographic images that constituted a portion of the Aft-Cargo bin of an L-1011 aircraft (Figure
1.61). Each photographic image displayed on the computer screen consisted of a single search area.
Subjects could navigate from one area to the next by using the “navigational —aid” provided in the
software. As each area was displayed, subjects visually searched the area for defects and reported their
identification by clicking the mouse on them. Subjects could use four separate tools — amirror, flashlight,
magnifying glass and paint scraper--to aid them in their search. Upon identification of the defects,
subjects completed a non-routine card similar to the one they would complete during the actua inspection
in the hangar (Figure 1.62).
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sk ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Craclks

Locations:

neat rivets, joints, any area of
stress

Indicators:
chipped pamnt, near holes, highly
stressed points

FErEVIENE |
[Iefect Mext Defect |

L ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:

Corrosion

Locations:

near floor, joints, anywhere
motsture collects

Indicators:

fine grev powder,
bubbling/bulging, pant chipping,
darl streaks around rvets

Previouz 217
Defect

Figure 1.57 The Corrosion Defect Simulated in ASSIST




‘L ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Damaged rivets

Locations:
any rivets i structure

Indicators:

datl hole appears where
hatdware should be

Previouz
Defect

Figure 1.58The Damaged Rivet Defect Simulated in ASSIST

L ASSIST Simulator - Introduction 373

Potential Defects

Defect Name:
Damaged conduits

Locations:

aty condutt under floors o i
wralls

Indicators:

conduit rmusshapen or bent

Previous
Defect

Figure 1.59he Damaged Conduit Defect Simulated in ASSIST




sk ASSIST Simulator - Introduction 273 E

WwarkCenter: : : Card Mumber:
or | TigerAir Task Card | =35,7505,

5/8.00 Aircraft: L1071 Rewv B 03-18-33

Title: Under Floor Aft Cargo Bin Wwhork Area: Aft Cargo Bin- C3

Mec: | Insp |1 Zone 164. Perform a detailed visual WO rk Ca rd

inspection of aft cargo compartment,
area CF under floor including all
cottiponents and systems.

A, Pay particular attention to the fuselage
fail-safe straps for any evidence of
delamination, cotrosion, lifting or
blistering of straps, or splitting of seal.

E. Pay particular attention to any signs of
cotrosion, such as blisteting paint.

C. Inspect for any evidence of damage
such as bent or broken components,
sheared ot wdssing fasteners, or cracks
at stress points.

Figure 1.60 Work Card Used to f Simulation in ASSIST

4 ASSIST Inspection Simulator E3

AN
AR

Toolbox
il + el Area Work Card Exit
Starb. Finished Complete i)
Station 1725,
Stringer 35

Figure 1.61 Simulation Module Containing a Picture of the Aft-Cargo
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~
” \
Timilimx
+
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i [ |l e Work Card Exit
Shara Finithed Complele Tl

Slalun 1740,
Sirrger A2

Figure 1.62 Non-routine card used to Write-up Defects Found in the

Simulator

In the training mode, subjects were provided with immediate feedback on their performance following the
inspection of each search area, including feedback on missed defects, fase dlarms (areas incorrectly
identified as having defects), the time to compl ete inspection and the correctly completed non-routine
card (Figure 1.63). The elements of the ssmulation module are shown in Table 1.25.

Table 1.25 ASSIST Simulation Module

Sub-module Content M ethod Delivery

System
1. Introduction Introduction and observe smulation Pre-training CBT

example of 6 trials and
feedforward

2. Practicesimulation  Perform sample smulation test of 9 tridls Active and CBT
test with feedback feedback
3. Simulation test Perform simulation test of 32 trialswith ~ Active and CBT

or without feedback feedback
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Figure 1.63 Feedback Provided in the Simulation Module

After completing the training, subjects in the training group and those in the control group performed the
criterion ingpection tasks in both the paced and unpaced modes (Trial blocks 1 & 2). The visua inspection
tasks consisted of 32 distinct search areas (trials) within a distinct and logica portion of the Aft-Cargo bin
of an L-1011 (asingletria block) wherein subjects searched for seven computer-simulated airframe
structura defects: cracks, corrosion, damaged rivets, damaged conduit, delaminated terrastrap, dent and
loose hardware. The probability, location and defect mix were al pre-specified using the parameter file.
Of the 32 trial areas that made up each of the two trid blocks, 4 contained two defects, 9 one, and 19 zero.
Initially, subjects performed the inspection task in the unpaced mode and then in the paced-mode so that
the results of Tria block 1 could be used to determine the actual pacing conditions for Trial block 2. All
subjects served as their own control and were paced at their own unpaced Trial block 1 times.

Data Collection
Data was collected on the following measures:

Demographics. Age and experience.

Scores on individual differences tests:

- Myers-Briggs Test ©

- Group Embedded Figures Test (GEFT) =
- Locus of Control Test (LOC) =

- Responsible Risk Taking Inventory Test &
Performance measures:



- Mean inspection time - the average time in minutes for each trial block,
- Mean percent detected - the average percentage of defects correctly detected,
- Meanfdsedarm rate - the average number of defects falsaly identified,
- Mean non-routine workcard score - the average score” from the non-routine workcard write-up.

1.6.2 RESULTS

Data reduction was performed on the raw data, and analysis of variance (ANOVA) was conducted on the
following performance means. mean inspection time (Appendix B), mean percent detected (Appendix C),
mean false alarm rate (Appendix D), and the mean score from the non-routine workcards (Appendix E).
Means and standard deviations were also calculated for the performance measures (Appendix F).
Following the analysis of variance, a post-hoc analysis was performed on the data using correlation and
factor analysis. Firgt, the correlation analysis was completed, and then the results from the correlation
table were subjected to afactor analysis using varimax rotation of orthogonal factors.

Speed Measures

ANOVA conducted on mean inspection time showed a significant main effect of pacing with no
significance for training or interaction effect (Table 1.26).

Table 1.26 Summary ANOVA indicating the F values

Training Pacing  Training*Pacing
Mean inspection time (min) 0.01 20.56** 0.12
Mean percent detected 11.61** 16.10** 2.38
Mean false dlarm rate 9.41** 5.95* 143
Mean non-routine workcard score 10.11** 10.78** 3.49
* p<0.05
**p < 0.01
Accuracy Measures

ANOVA on mean percent detected revealed significant main effects of pacing and training with the
interaction effect not significant. ANOV A performed on the mean false alarm rate a so showed a
significant main effect of pacing and training but not for the interaction effect.  ANOVA on the mean
non-routine workcards scores revealed a significant main effect for both pacing and training with no
interaction effect. (Table 1.26)

Correlation and Factor Analysis

Following analysis of variance, correlation anaysis was performed on the demographic and pretest
measures and on the performance measures for both the untrained and trained groups separately and
another with both the groups combined. This analysis was performed for the mean values to identify the

" Calculated using:

17 where, i=Number of questions,
Score=S S Si=0,051
i=1 O=incorrect, 0.5=partially correct, 1=correct
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degree of association between the performance measures, scores on individua differences tests, age,
and experience with the significant correlation's highlighted. The correlation anaysis was performed with
the data from the nine trained subjects (Appendix G) and a second from the nine untrained subjects.
Based on these reaults, the Myers-Briggs scores were eliminated from further study because of the lack of
correlation with performance measures.

Having completed this step, the intercorrelation matrix of the correlation measures was then subjected to a
factor analysis using varimax rotation of orthogonal factors. Four factor analysis tests were performed on
the following: all 18 subjects (Appendix H), the nine trained subjects (Appendix I), the nine untrained
subjects (Appendix J), and the demographic and pretest measures for al 18 subjects (Appendix K).

1.6.3 DISCUSSION

The objective of the study was twofold: first, to compare the effects of computer-based training (CBT)
and specificaly ASSIST for ingpection tasks under different pacing conditions and second, to relate these
results to differencesin individua abilities as measured by the individual differences tests. Most
importantly, as the dataindicated, ASSIST was effective because the trained group performed better than
the untrained group. The results of this study are encouraging as to the effectiveness of computer-based
inspection training and specifically ASSIST in improving performance. Performance of the training group
significantly improved on the criterion inspection task, the inspection of Aft-Cargo bin of L-1011,
following training. Of greatest interest was the increase in the percentage of defects detected and the
reduction in the number of misses for the training group compared with that for the control group. The
training group detected a significantly greater number of defects and missed fewer. This has implications
for on the job performance where detection of defects and having alow number of misses are critical to
improving inspection performance and ultimately aviation safety. Furthermore, inspectors assigned to the
training group also reported higher scores on the non-routine cards following training compared to the
control group. These scores measure the correctness and appropriateness of the information entered by the
inspector using the non-routine cards following the identification of defects. Subjects responses entered
on the non-routine card were scored based on a “standard or correctly completed non-routine card.” The
information entered on these cards is critical for follow-up maintenance action because incorrect entries
or incorrect information can result in erroneous maintenance action. In addition to this, ASSIST was
equally effective for both paced and unpaced conditions. Additionaly, the results showed that age,
computer experience, and the Responsible Risk Taking Inventory Tests scores were correlated to
performance on the inspection tasks. The most salient findings are discussed below for the various
ingpection performance measures.

Analysis of performance measures reveaed that training was equally effective, for both paced and
unpaced trials, in improving performance when measured in term of accuracy scores, percentage detected
and nonroutine workcard scores. That is, the trained group performed better under both paced and
unpaced conditions. This bodes well for the use of the ASSIST training program for different types of
inspection checks that are constrained by time for example, RAMP checks -- conducted under highly
paced situations and the different letter checks - A,B,C, and D -- aless paced situation in which the
inspector has a fixed amount of time to inspect the aircraft varying from overnight, 2 days, 1 month, and 4
months respectively. Since inspection performance of the trained group improved in both paced and
unpaced Situations, it is anticipated that inspectors who undergo training and are typically assigned to
RAMP checks will aso benefit from this training program under time pressures as well as inspectors,
who are under less time pressures, assigned to letter checks. Further analysis of the three accuracy
measures, percent correctly detected, non-routine workcard scores, and false alarms, reveaed that the
trained group performed better on percent correctly detected and non-routine workcard scores. Accuracy
results also revealed a high number of false alarms for both paced and unpaced trials, indicating the
inspectors were prone to identify non-defects as defects. While this tendency is more desirable than
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defects not being identified, it is more efficient to the airline industry to reduce the number of false
alarms. Nonetheless, in the aircraft maintenance environment, safety is of paramount importance, and at
least the training program is afirst step towards a higher safety count. The next step would be to identify
strategies to reduce the false darms without affecting the hit rate and, in turn, safety.

Upon further analysis of the correlation table, partial effects were detected with regard to the speed-
accuracy trade-off theory (SATO), which states that astime increases, hit rate and false darmsincrease.
In the unpaced condition, those subjects who spent more time had an increase in false alarms rate yet
didn’t show a similar increase in hit rate; while under the paced condition, the reverse was true: maximum
time spent yielded more hits without an increase in false alarms. This result can be explained by typica
search behavior models, which show that defects are detected early in the search process because the time
to find defects is exponentially distributed rather than normally.* Thus, the more time spent on
searching, the more false darms will be identified since this tendency takes place in the later half of the
search process.* In unpaced situations, then, there are more false alarms because there is more time,
while under paced conditions there is a time constraint to search, leading to early detection of defects
without extratime to identify false larms.

Additional analysis was conducted looking at the effect of ASSIST in reation to the individua abilities
measured by the demographics survey. As the results indicated, the younger inspectors, who had more
computer experience performed better on the accuracy measures, both percentage detected and non-
routine workcard score, than the older, ones. This finding may be due to the subject population: the
younger, less experienced subjects had more computer experience and, hence, their performance on
simulated inspection tasks may be an artifact of their computer experience rather than their inspection
skills. Although the use of computers may be a matter of concern, demographics in the airline industry
are changing. The pool of potentia inspectors with computer experience is increasing; therefore, the
future aircraft maintenance workforce will come from younger technicians with updated computer skills.
However, it iscritical that airline industry take steps to reduce the computer experience gap. Another
supporting factor of the effectiveness of ASSIST is based on an extension of this study that looked at the
transfer effects of simulation-based training on hangar floor performance using inspection of an aft-cargo
door. The study revealed that of al subjects who underwent computer-based training on the ASSIST
program those with superior computer experience reported the greatest gains showing superior
performance on the representative hangar floor task.*® These results indicated that inspectors with superior
computer experience took the greatest advantage of computer-based training and used it most effectively
to improve their performance on the inspection task in the hangar floor.

Analysis of the four individual differences tests revealed inequality of effectivenessin terms of their
usefulness in understanding the inspection performance of individuals. Most importantly, the Myers-
Briggs Test did not show any significance in relation to the inspection performance measures. Typically
these tests, used extensively in environments such as business, counseling, and education, are used to
build teams, develop leadership, and determine lifestyle pursuits, where successful results of the tests
include improved work and persond relationships, in turn increasing productivity.* Even though the test
may apply to other functions the ingpector performs, such as problem solving, delegation, and
communication, it may not be applicable to tasks involving specific ingpection skills such as visua search
and decision making that are critical to performing the inspection task.

The most unexpected finding was the lack of correlation with the Locus of Control Test and the
performance measures. A high score on this test categorizes an interna person, one who feels that he
controls his own destiny, while alow score indicates an external person, who feels what happens to him is
due to luck or chance. Freeman, Eskew et a., and Sanders et d., all found significant findings for Locus
of Control Tests between performance measures in inspection tasks.*#*>" Specificaly, Eskew et d. found
Locus of Control to be related to pacing in their study, indicating that self-paced internals scored fewer
false alarms than self-paced externals while machine-paced internals scored more false darms than



meachine-paced externals.”® Eskew summarized that although Locus of Control showed potentia as a
selection tool for ingpectors, its success depended upon the particular situation, with the level of pacing
and relative importance of misses and false darms also being considered.*® Although this aircraft
ingpection study included an unpaced and paced task, all inspectors completed the paced task, indicating
that subjects were able to compensate for time pressures by investing additional resources to ensure
completion. This ability which can be explained by using the resource alocation theory states that people
learn to compensate for constraints by discovering strategic ways to allocate limited resources in the most
optimal fashion. ¢

The Group Embedded Figures Test (GEFT) showed no correlation between it and the performance
measures. The GEFT and the Embedded Figures Test (EFT), both measuring the ability to separate an
individua figure from a more complex stimulus of which it forms a part, determine the field independent-
dependent score.*® Field dependency is defined as “a tendency for the organization of the field as awhole
to dominate perception of its parts’ while field independence is “a tendency for items to remain discrete
from the organized field in which they are contained”.” Gallwey, who conducted severa geometrical-
type studies, found that the EFT was a good predictor of several performance measures including
stopping time, missing rate, size errors, decision errors, and classification errors.” These results were
expected since the EFT uses geometrical patterns, however, it is questionable whether it would work as
well on different types of tasks. Since Gallwey concluded that EFT worked so well in his study, he
believed it was applicable to other non-geometrical tasks.* The lack of correlation between the GEFT
and the performance measures in the aircraft ingpection study could be due to the differences between this
study and standard laboratory inspection tasks in which the inspector is looking for a particular figure
embedded within a complex figure. This finding implies that the inspection task in the aircraft
maintenance environment is not as smplistic as a geometric-figures task, especially since aircraft
ingpection is not only skill-based, as in Gallwey's studies, but also knowledge-based depending on where
the defects occur; for instance, cracks develop near rivets and corrosion typically occurs in the bottom of
the aircraft due to condensation that tends to seep and stagnate in the lowest part. 20242

Anaysis of the Responsible Risk Taking Inventory (RRTI) test revealed a negative correlation between
the workplace risk score and the two accuracy measures, percent correctly detected, non-routine workcard
scores and performance on the hangar floor test. The RRTI, which reved s both a persona and a
workplace risk, with a high score indicating a more risky behavior than alow one, showed that those
classified more risky in the workplace detected fewer defects, scored lower on the non-routine workcards
and had lower accuracy performance on the hangar floor test. According to this result, the airline industry
can formulate two obvious strategies to select and hire less-risky inspectors, or the more appropriate one
being to train inspectors to be lessrisky. According to Thapa et a., feedforward information can be used
to train ingpectors to be lessrisky.®” However, efficiency and safety, two critical yet separate godls of the
arline industry, are not mutualy exclusive since an airline will not continue to be profitable if it has a
poor safety record. Nonetheless, safety is of greater importance than efficiency, and training inspectors to
be less-risky ingpectors could be a step towards improving safety.

After the correlation analysis was developed, the intercorrelation matrix of the performance measures,
demographic data, and individua differences tests was subjected to a Factor Analysis using varimax
rotation of orthogonal factors. Appendix | and J, respectively, show the factors that emerged for the
trained and untrained group. For the trained group, Factor 1, with atotal variance of 56%, loaded
negatively on RRTI Tests and positively on performance measures appearing to represent a "risk" factor.
Factor 2, with atotal variance of 25%, represents a "skills' factor, loaded negatively in GEFT and paced
time and false alarms. Factors 3 and 4 represent an "experience” and "locus of control” factor, with total
variances of 24 and 22% respectively. For the untrained group, Factor 1, with atota variance of 39%,
represents a " performance” factor loaded on time and accuracy. Factor 2, with atotal variance of 34%,
loaded heavily on the RRTI tests and negatively on unpaced fal se alarms, appearing to represent the
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"risk" factor. And finaly, Factors 3 and 4 represent the "experience” and "locus of control” factors,
respectively.

In general, the results have demonstrated that the usefulness of computer-based training and specificaly
ASSIST results in improved performance under unpaced and paced conditions. Specifically, the
following conclusions can be drawn from this study:

Inspection performance: The trained group performed better than the untrained group on accuracy
measures, percentage detected, and the non-routine workcard score.

Peacing: Training was equally effective for both paced and unpaced inspection conditions.
Accuracy measures. Under unpaced conditions, the false alarm rate increased while under paced
conditions, accuracy improved.

Age and Experience: Y ounger inspectors who had superior computer experience were more
comfotable using computer based training and had higher accuracy scores on the smulation tet,
which trandanted into superior performance on the hangar floor .

Individual Differences Tests: The Myers-Briggs Test, Locus of Control Test, and GEFT showed no
significance with performance measures. However, the Responsible Risk Taking Inventory testisa
goad predictor in identifying less risky ingpectors since in this study subjects who scored lower on
risky behavior measures scored higher on accuracy measures.

The results of this study have obvious implications on the future use of training programs, specifically
computer-based training. This training was effective; however, the goa of future training programs must
be to reduce false darms. Perhaps one approach could start with a generic program addressing certain
components, after which inspectors would complete sections classifying them as either risky or less-risky
then target certain modules in order to develop an adaptive training program based on risk preferencesin
which the more risky people were taught to behave less so. Once the inspectors are calibrated, the
program could have specific modules that focus on lowering false darms. Basically, the training program
would be adapted to the needs of the inspector. Asthe result of this study indicated, computer-based
training has much promise to be used as a very effective tool, but only if its potentia is realized in away
which is consistent with the existing knowledge of the aircraft maintenance environment to ensure both a
safer and more profitable airline.

1.6.4 Conclusions

The results of this research throws new light into devising training programs for improving aircraft
inspection performance and ultimately aviation safety. The findings from the experiment were integrated
into a set of recommendations for use of practitioners in the aviation industry and improving aircraft
ingpection performance.

To summarize the experimental findings:

1. Training was equaly effective in improving inspection performance under both paced and unpaced
situation which bodes well for the use of similar content in training for inspection under different
inspection situations.

2. Age, experience and Individual Differences as measured by the Responsible Risk Taking Inventory
are correlated with inspection performance.



The above results have implications for improving and standardizing inspection performance.
Drawing from the results of the study the following generdizations can be made for improving inspection
performance that can be used by the practitioner of human factors in aircraft maintenance environment.

Standardization of Work Instruction

It is seen that the lack of standardization of work instruction (both written and oral) can critically impact
the manner in which inspection is conducted. This can be magnified by the individua differences reported
across inspectors in their ability to perceive risks and costs. Work instructions can impact the following:

1. search of an areafor defects --how to inspect, how long to inspect, identification of critical items

2. decisions made by inspectors on defects identified — write ups for non-routine cards, when to mark it
and write it up, deferred item, etc

3. useof inspection support material/standards — tools, job-aids, manuals, air-worthiness directives,
support equipment.

4. transfer of work during shift change

To ensure standardization of work instruction both written and ora it is critical that the inspectors follow
a standardized work protocol. As a starting point practitioners can follow the detailed protocol outlined by
Gramopadhye and Kelkar.* The flow chart of the standardized protocol is shown in Figure 1.64.

Adaptive Training

Itisclear that any training to further improve inspection performance needs to be sensitive to individ ua
differences and hence needs to be adaptive in nature. The results of the study have implications for two of
the three components for atypical training program: the content, which refers to what type of materia is
presented, and the method, which refers to how the materia is presented, for example, feedforward,
feedback or active training. Using the results of the individua differences tests which indicate post-
training performance, salient traits of inspectors can be identified and then a program can be developed to
fit the individual's needs under a specific situation.

An example used to illustrate how to develop such atraining program for inspecting the nose landing gear
and wheel well assembly of an aircraft is used as outlined by Gramopadhye, et al. * Table 1.27 shows
this ingpection process broken down into (1) the structures, or the components to be inspected, and (2) the
defects, or the nonconformities, to identify for the three search areas: wheel well, nose gear assembly, and
nose gear tire. The basic elements of the training program are outlined in the next section.
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Table 1.27 Nose Landing Gear and Wheel Well Inspection (B-check)

Wheel Well, Doors, Adjacent Components

Nose Gear Assembly & Installation

Nose Gear Tires & Wheel Assembly

Structure Defects Structure Defects Structure Defects
1. Whed well Condition 1. NLG shock stout, Corrosion 1. Whed hub Condition
hydraulic tubing Corrosion bracestrut, torque arm, Visual damage valves, tie bolts Corrosion
conduits Fluid leakage ground sensing Nicks & dings
mechanism, cables, Fluid leaks
actuating cylinder, Security
linkages, springs
2. Whee well doors Condition 2. Landing gear shock Check for normal extension 2. Tires Excessive wear
linkages springs, Visual damage drut Cleanliness Oil soaking
stop cables, drive Corrosion Clean exposed portion of Correct pressure - only
rods and hinges Security piston with red hydraulic after 2 hours of
oil & wipedry parking
Reinflate with NL
3. Downlock markings General condition 3. Nose steering Condition 3.  Water deflector Damage
Cleanliness mechanism Leakage assembly Security of installation
Worn cables
Release of nose steering
bypass
Check spring landed to
steering position
4. NLG aignment Check 4. Torque links Loose bushings and bolts
spotlight Worn bushings and bolts
5. NLGtaxi light Cleanliness 5. Landing gear lock pins Condition
Filament condition & red warning Secure attachment of
Security of assembly streamers streamersto lock pins
Length of streamers should
be 24-32" long
6. NLG doors Closed doors
Secured doors
(procedure given)
7. Aircraft wheel Condition
checking placard Security
(location given)
8. Nosetire pressure Condition
placard (location Security
given)
9. Uplock and Condition
downlock proximity Security




The Training Program

The training program should consist of the following five steps:

1

Pretesting. Thefirst step in the training program is to administer the pretests to categorize subjects
based on their individual abilities. For this example, the Responsible Risk Taking Inventory Test is
given to measure risky behavior and a survey is conducted to determine the amount of computer
experience for each subject.

Computer Training. Based on the classification of the computer experience, only those subjects with
limited experience would be administered training to increase their computer knowledge. They
would actively participate in tasks on the computer with feed-forward information including what
skills they would be learning and practicing and then feedback on their progress.

General Training. After all subjects are brought to the same level of computer experience, they would
then be administered the generaized training program in ASSIST, consisting of the following
modules: role of inspector, safety, aircraft review, factors affecting inspection, information on the
area, information on workcard usage, examples of defects in each area, inspection procedure, and a
final test. Throughout the training, subjects would receive feed forward information and participate
through active training by studying the modules and taking atest at the end. They would aso receive
feedback information on what they learned and how they performed on the test.

Risk Training. Following the generalized training, the subjects who were classified by the pretest as
risky would be administered active training with feed forward information to reduce their risk
tendencies by reviewing different inspection scenarios to determine their optimal search time. Since
risky people have atendency to take less time searching, they would receive feed forward information
telling them how long to spend searching, then feedback information telling them how long they
actually spent along with their accuracy levels.

Simulated Task Training. After the risky subjects are at the same level as the non-risky ones, subjects
would be given feedforward information consisting of the optimal time they should take to inspect,
the defects to look for, and the likely locations where they would occur. Then, all subjects would be
administered the smulation training program in ASSIST under various paced environments reflective
of RAMP, A,B,C, and D checks, where RAMP checks represent the highest pacing level and D
checks, the lowest. Using active and schema training, various scenarios would be used to represent
RAMP, A, B, C, and D checks, which are essentialy time pressures and situations where different
defects are occurring. Feedback information would include the time taken to find the defects, the
subject's accuracy level, the defects detected and those missed, and search areas missed. Table 1.28
and Figure 1.65 outline the steps, content, method, and delivery system of the training program
described above.
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Table 1.28 ASSIST Training Program

Step Content Method Delivery System
Administer pretests Responsible risk taking Survey
and categorize inventory
subjects based on Computer experience
scores
Computer training Extra computer training using Feedforward Computer-based
only for subjects ASSIST sub-modules Feedback (CBT)
with little computer Active
experience
Generalized Role of ingpector Feedforward CBT
training for all Safety Feedback
subjects Aircraft review Active

Factors affecting ingpection
Information on the area
Information on workcard
usage
Examples of defectsin each
area
Inspection procedure
Fina test
Risk training only Different scenarios Feedforward CBT
for subjects emphasizing the optimal time Feedback
classified asrisky to spend inspecting Active
from pretest
Simulated Different scenarios using Feedforward CBT
inspection training RAMP, and A,B,C, and D Feedback
under paced and checks Schema
unpaced conditions Active
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ASSIST Training Program
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Figure 1.65 ASSIST Training Program
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In summary, this research has shed new light on understanding the effectiveness of aircraft

ingpection training and the usefulness of individual differences testsin improving aircraft inspection
performance and reducing errors. The results have both theoretical and practical implications. These
findings change the ideas behind the theory of developing training programs, by using individua
differences tests and pacing, leading to a more efficient and effective program. The improvementsin
inspection performance will then lead to reduced errors and improved aviation safety.
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1.8 APPENDICES

1.8.1 Appendix A- Selection Tests

Vision tests measure the visual capabilities of the individual by quantitatively measuring eye
characteristics such as accommodation and acuity.®” The three vision tests investigated here are visual
acuity, lobe size, and contrast sensitivity.

1

Visual acuity. Thisisthe ability to discriminate fine detail that is then expressed as aratio, such as
20/20, called Snellen Acuity. Normal 20/20 vision is assumed to be the ability to resolve a target
detail of 1 minute of arc at 20 feet.> Static foveal acuity is the measure of the minimum angle
subtended by the test object at the eye that can be resolved. If a people have good acuity, one minute
of angle or less, there is a high chance that they will be a good criterion inspector.” Visud acuity is
an important predictor but was not used in this study since all inspectors have to go through visua
acuity testing and have 20/20 or corrected vision.

Lobe size. The area around the point of fixation in which the probability of detecting the presence of
atarget item is defined when it is viewed within the retinal field during a single eye pause, or fixation
isthe lobe size. Thevisua lobe is affected by such factors as the adaptation level of the eye, the
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target characteristics, the background experience, and motivation.* Studies have shown that
subjects with larger visual lobes are more efficient detecting faults early in the search process.®
While Gallwey found lobe size to be a good predictor for error classification in an ingpection task.®

Contrast Sengitivity. By thisis meant the ability to discern spatialy distinct luminance differences
tested with Sine-wave grating of various sizes or spatial frequencies measured in number of cycles
per degree (cpd). Humans are most sengitive to frequenciesin the 3-5 cpd range.® High spatia
frequencies (>10 cpd) are for fine detail and reading, low spatia frequencies (<2 cpd) for coarser
detail.* Ginsburgfound contrast sensitivity to be significant in predicting performance on some visua
tasks better than visual acuity.”

Aptitude tests, for example intelligence tests, measure overall performance over a broad range of mental
capabilities such as verbal and numerica skills** The Harris Inspection Test, the Weschler Adult
Intelligence Scale, Short-Term Memory, and the Gordon Test of Mental Imagery Control have been used
to measure aptitude.

1

The Harris Inspection Test. Thisis a pencil and paper test intended for electronic circuit diagrams,
identifies which objects on paper are not the right size, shape, or conformity. Thistest was found to
be significant in electronic inspection tasks, with a correlation of .55 found with experienced
inspectors of small complex electronic and mechanical assemblies.’>*

The Weschler Adult Intelligence Scale (WAIS). This scale measures intelligence (1Q) in three areas—
verbal comprehension, attention concentration, and analysis -- is a measure of mental processing
speed. Significance with the attention-concentration subset -- arithmetic, digit span, digit symbol --
was found to be avery good predictor of search errors.®

Short-term memory. Used to identify a person’s ability to retain information temporarily, from 30
seconds to a few minutes, short-term memory was found to be aweak predictor of inspection
performance.

The Gordon Test of Mental Imagery Control. Thistests for photographic memory. Gallwey found
the Gordon Test of Mental Imagery Control was good at predicting the probability of success —
wherein a high score of mental imagery indicates a high probability of success.

Cognitive tests measure the mental processes, skills, strategies, and use of information, the basic
mechanisms involving attention, thoughts, and decision making by which people perceive, think, and
remember.%® Six cognitive tests -- the Embedded Figures test (EFT), the Eysenck Personality Inventory,
the Guilford-Zimmerman Temperament Survey, the Minnesota-Multiphasic Personality Inventory
(MMPI), the Matching Familiar Figures test (MFFT), and the Locus of Control -- have been used in
inspection performance studies with varying degrees of significance.

1

The Embedded Figures Test (EFT). The ability to separate an individua figure from a more complex
stimulus of which it forms a part, determines the field independent-dependent score.® Fdd
dependency is defined as “atendency for the organization of the field as a whole to dominate
perception of its parts’ and field independence is “a tendency for items to remain discrete from the
organized field in which they are contained”.” Gallwey found that EFT was a good predictor of many
measures including stopping time, missing rate, size errors, decision errors, and classification errors.
% He concluded that field independents are much more likely to impose structure on a problem in
reaching their solution.
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2. The Eysenck Personality Inventory. Thistest classifies people as introverts and extroverts using five
categories— neuroticism, extroversion, openness, agreeableness, and conscientiousness -- while the
Guilford-Zimmerman Temperament Survey measures genera activity, restraint, ascendance,
sociability, and emotiona stability.* There are mixed findings using the Eysenck Personality
Inventory Test to study inspection tasks.* While conscientiousness was found to be effective in
predicting performance in skilled and semi-skilled workers, found a low correlation with inspection
performance and the Guilford-Zimmerman Temperament Survey. %%

3. The Minnesota Multiphasic Personality Inventory (MMPI). Used to measure manifest anxiety, the
degree of guardedness in responding, and fasification in responding.®® Thereislow correlation
between inspection performance and the MMPI. % Used to identify people with mental illness or
personality disorders, it is not an appropriate test for employee selection.®

4. The Matching Familiar Figures Test (MFFT). Seeksto classify subjects according to timeto first
response and accuracy. Depending upon the time taken and the number of errors made, subjects are
classified as (1) reflectives (longer times, fewer errors), (2) impulsives (shorter times, more errors),
(3) fast-accurates (shorter times, fewer errors), (4) dow-inaccurates (longer times, more errors).
Impulsives work faster, and reflectives are more accurate. Using MFFT, Schwabish and Drury
classified individuas in terms of time and accuracy to evauate the influence of different cognitive
styles on visua inspection.®® Their data showed that subjects could be differentiated only on
accuracy. The more accurate group was significantly faster than the inaccurates in detecting certain
flaws in addition to making fewer size-judgement errors. However, the inaccurates detected more
flaws.

5. The Locus of Control (LOC). This construct by Rotter has appeared widely in the literature and has
generated much research in the work setting.®> LOC is used to characterize people as interna scorers
and external scorers. It issuggested that internal scorers adapt better to high controlling situations
while external scorers adapt better to highly externally controlling situations.* Eskew and Riche,
found L OC may be related to response-wise signal detection tasks and may be useful in selecting
quality control inspectors. ** The significant findings for LOC tests conclude that self-paced internals
had higher response criterion than self-paced externals, thus making fewer false alarms while
meachine-paced internals had alower criterion and made more false aarms than machine-paced
externals.”® Internastend to make fewer errors on avigilance task than externals, with interna
scorers performing significantly better than externals on correct decisions and the number of misses
with sdlf -pacing.

Three other cognitive tests that have not been used in ingpection performance are human vigilance,
certainty equivalence, and Myers-Briggs Type Indicator (MBTI).

1. Humanvigilance Thisisa situation where an operator is required to detect intermittent,
unpredictable, and infrequent signals over along period of time. The resulting loss in sensitivity due
to fatigue is classified by the arousal theory and expectancy theory. °

2. Certainty equivalence. Also known asarisk test, measures the amount of risk people will take when
making decisions. In many cases, people accept wide variations in consequences and much
uncertainty. A preference scaleis used to encode an individual’s attitude toward risk, resultingin a
preference curve that can be categorized as risk averse, risk neutral, and risk seeking. Risk behavior
is known to effect inspection performance and accordingly it was selected for this study. >



3. TheMyers-Briggs Type Indicator (MBTI). Thisis used to obtain a personality type code based
on the individual’s preferred way of perceiving and judging, providing four bi-polar scales:
extroversion-introversion, sensing-intuition, thinking-feeling, and judging-perceiving. Currently, this
test has been used in such settings as counsaling, education, and career guidance.® The MBTI test is
often used in the aircraft maintenance environment for other jobs to classify and select people and
hence is used in this study.
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1.8.2 Appendix B- ANOVA of Inspection Time

DF SS F
BETWEEN SUBJECTS
Traning 1 0.98 0.01
Subj(training) 16 5314.75
WITHIN SUBJECTS
Pacing 1 1906.20  20.56*
Training* pacing 1 10.87 0.12
Pacing* subj(training) 16 1483.27
* p<0.05

1.8.3 Appendix C- ANOVA of Percentage of Defects Detected

DF SS F
BETWEEN SUBJECTS
Training 1 2934.03  11.61*
Subj(training) 16 4044.44
WITHIN SUBJECTS
Pacing 1 1056.25 16.10*
Training* pacing 1 156.25 2.38
Pacing* subj(training) 16 1050.00
* p<0.05
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1.8.4 Appendix D- ANOVA of Number of False Alarms

DF SS F
BETWEEN SUBJECTS
Training 1 2100.69 9.41*
Subj(training) 16 3570.56
WITHIN SUBJECTS
Pecing 1 584.03 5.95*
Training* pacing 1 140.03 143
Peacing* subj(training) 16 1569.44
* p<0.05

1.8.5 Appendix E- ANOVA of Nonroutine Workcard Scores

DF SS F
BETWEEN SUBJECTS
Training 1 101.67 10.11*
Subj(training) 16 160.86
WITHIN SUBJECTS
Pacing 1 20.34 10.78*
Training* pacing 1 951 349
Pacing* subj(training) 16 4353
* p<0.05
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1.8.6 Appendix F- Means and Standard Deviations for Performance

Measures
Group ID | Inspection time (min) Per centage Total scoreon non- | Number of false
Unpaced | Paced | Unpaced | Paced | Unpaced | Paced [Unpaced| Paced
1 35.50 30.70 60.00 70.00 12.00 12.50 30.00 43.00
2 57.38 13.50 60.00 65.00 11.50 11.50 29.00 27.00
3 49.67 32.73 60.00 60.00 11.00 11.00 35.00 32.00
Trained | 7 57.83 35.70 50.00 55.00 9.00 9.50 36.00 46.00
9 37.73 29.75 50.00 55.00 10.50 11.00 35.00 42.00
11 33.23 16.45 4500 45.00 9.00 9.00 6.00 200
13 39.52 30.28 50.00 70.00 9.50 14.00 29.00 39.00
14 26.60 27.02 4500 40.00 7.50 6.50 13.00 40.00
17 38.98 39.22 4500 65.00 9.00 11.00 23.00 73.00
AVE 41.83 28.37 51.67 58.33 9.89 10.67 2622 3822
STD 10.81 841 6.61 1061 1.45 2.15 1045 18.67
4 63.14 30.47 30.00 65.00 5.50 13.00 2700 32.00
5 18.12 11.29 1500 20.00 2.50 3.50 7.00 11.00
6 21.58 19.24 35.00 35.00 7.00 6.50 200 5.00
Untrained 8 55.46 3152 40,00 50.00 7.00 10.00 20.00 20.00
10 69.37 33.70 35.00 40.00 7.00 7.00 24.00 12.00
12 9.30 6.27 15.00 15.00 3.00 3.00 13.00 29.00
15 48.35 46,50 30.00 60.00 450 10.50 15.00 34.00
16 63.49 40.28 4500 70.00 9.00 13.50 1200 6.00
18 40.50 29.17 20.00 45.00 4.00 8.00 1400 22.00
AVE 43.26 27.60 2944 4444 550 8.33 1489 19.00
STD 22.15 13.10 10.74 1911 2.17 3.76 7.88 11.08
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1.8.7 Appendix G- Correlation Analysis results (Trained Subjects)

U-time
U-hit
U-fa
P-time
P-hit
P-fa
unrwc
Pnrwc
Age
Exper
GEFT
Loc
Risk1

Risk2

U-hit U-fa P-time P-hit P-fa Unrwc Pnrwc Age Exper GEFT Loc Riskl Risk2 Know | Hanger
0.65| -0.01f 0.38] 0.02| 0.41 0.29( 0.34| -0.03| 0.65( 0.21] -0.61| -0.41] -.36 -74
(.05)] (.97) (.31) (.95) (.28) (.46)] (37)| (.92)( (.11)] (.B9) (.08)| (.27) (.32) (.02)

1.00, 0.61] -0.16( 0.58| -0.13| 0.90 0.51] 0.09] -0.71| 0.38| -0.24| -0.44| -0.36] 0.35 73
(.08)] (.69) (.10)| (.74)| (.01) (.16)] (.82)] (.03)[ (.40)| (.54) (.23)] (.33) (.34) (.04)
1.00f 0.45] 0.61| 0.41| 0.58 0.56| 0.53| -0.34| 0.03| 0.16| -0.42| -0.43] -.11 -.39

(.22)[ (.08)| (.28)] (.10) ((11)| (14)| (37) (\94)| (.67) (.25) (.24) (.78) (-29)
1.00, 0.26f 0.81] -0.17 0.14| 0.38] -0.22| -0.32| 0.39] 0.31] 0.08| -.44 0.43
(.50)| (.01)] (.66) (.71)] (.32)| (.56)[ (.49)| (.29) (.41)| (.85) (.23) (.24)
1.00| 0.39f 0.68 0.98| 0.03| -0.35| 0.43| 0.02] -0.63| -0.74| 0.37 77
(:29)] (.04)| (<.01)[ (.95) (.35)] (.34) (\97) (.07 (.02) (.31) (.02)
1.00{ -0.10 0.17( 0.22] 0.02| -0.37( 0.13 -0.02| -0.11] -.31 0.42

(.79) (.65)| (.56)| (.96)| (41)| (.73) (97)| (.76)] (.41) (.26)

1.00 0.66] 0.11| -0.62| 0.40| -0.48| -0.62| -0.66| 0.59 -51

(.05) (77) (O07)| (.37)| (.19) (.07) (.05) (.09) (.15)

1.00| -0.01f -0.29 0.43| 0.06| -0.62[ -0.78| 0.51 -.46

(.97)] (.45)| (.33) (.88) (.07)| (.01)| (.1e6) (.20)

1.00| -0.04| 0.00[ 0.05 -0.09| -0.13] -.23 -.06

(.91)[ (1.0)| (.89) (.80)[ (.73)] (.53) (.86)

1.00| -0.14| 0.19( -0.17( -0.01| -.28 -.61

(.77)| (.63) (.66)] (.98)| (.45) (.05)

1.00[ 0.07| -0.50| -0.48| 0.01 -.70

(.88)] (.25)] (.28)| (1.00) (.08)

1.00, 0.31] 0.35| -.58 0.01

(.42)| (.36)] (.09) (:99)

1.00f 0.90] -.33 -0.57

(.01)] (.37) (.07)

1.00| -.45 -0.64

(.21) (.05)
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1.8.8 Appendix H- Factor analysis results (All subjects)

M easures Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Unpaced time 0.80

Unpaced hits 0.69

Paced time 0.71

Paced hits 0.91

Unpaced nrwc 0.66

Paced nrwc 0.92

Risk test 1 0.93

Risk test 2 0.93

Unpaced fase darms 0.77

Paced false darms 0.86

Age 0.75

Locus of Control 0.82

Experience -0.61
GEFT test 091
Percentage variance 41 27 22 20 17

1.8.9 Appendix I- Factor analysis results (Trained subjects)

M easures Factor 1 Factor 2 Factor 3 Factor 4
Risk test 1 -0.95

Risk test 2 -0.96

Paced hits 0.88

Unpaced nrwc 0.80

Paced nrwc 0.93

GEFT test -0.60

Paced time 0.89

Paced false dlarms 0.92

Experience 0.97

Unpaced hits -0.73

Age 0.85
Locus of Control 0.75
Percentage variance 56 25 24 22
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1.8.10 Appendix J- Factor analysis results (Untrained subjects)

M easures Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Unpaced time 0.70

Paced time 0.95

Paced hits 0.98

Paced nrwc 0.95

Risk test 1 094

Risk test 2 0.94

Unpaced fase darms -0.91

Unpaced hits 071

Paced false darms -0.98

Unpaced nrwc 0.86

Age 0.80
Experience 0.96

L ocus of Control 0.77
GEFT test 0.87
Percentage variance 39 A 27 22 16

1.8.11 Appendix K- Factor analysis results for demographic and
pretest measures only (All subjects)

M easures Factor 1 Factor 2 Factor 3
Risk test 1 0.95

Risk test 2 0.96

Age 0.88

Experience 0.89

L ocus of Control 0.77
GEFT test 0.76
Percentage variance 21 18 13
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LIST OF ABBREVIATIONS

ASSIST Automated System of Self Instruction for Specialized Training
oJT On the Job Training

FAA Federal Aviation Administration

AMT Aircraft Maintenance Technician

FMEA failure modes and effects analysis

FAR Federal Aviation Regulations

ANOVA analysis of variance

CBT computer based training

MB megabyte

CD-ROM compact disc read only memory

EFT embedded figures test

GEFT group embedded figures test

RRTI responsible risk taking inventory

MMPI Minnesota-Multiphasic Personality Inventory
MEFT Matching Familiar Figures test

LOC locus of Control

MBTI Myers-Briggs Type Indicator
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